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TPS650332-Q1 Automotive Camera PMIC
1 Features 3 Description

* Qualified for automotive applications
» Systematic capability of up to ASIL D and SIL 3
targeted
* Hardware integrity up to ASIL B and SIL 2 targeted
» Advanced diagnostics and protection
* AEC-Q100 grade 1 qualified
— -40°C to +125°C ambient operating
temperature range
* Three step-down converters:
— BUCK1 V|yrange from4.0Vto 18.3V
— BUCK1 Vgytrange from2.5Vto4.0V
— BUCK1 output current up to 1500-mA
— BUCK2 and BUCK3 V|y range from 2.5V to 5.5
\Y
— BUCK2 and BUCK3 Vgt range from 0.9 V to
19V
— BUCK2 and BUCKS output current up to 1200-
mA
— Spread-spectrum clock (SSC) generation for
reduced EMI
— 2.3-MHz forced fixed switching frequency PWM
operation
* One low dropout (LDO) regulator:
— V|nyrange from2.5Vto 5.5V
— Voyt range from 1.8 V1o 3.3V
— Low noise and high PSRR
Adjustable output voltage through 12C
— Up to 300-mA output current
¢ 4.0-mm x 4.0-mm 24-pin VQFN with wettable
flanks

2 Applications

* Automotive camera modules
— Surround view camera modules
— Rear view camera modules
— Driver monitor camera modules
— Power over coax (POC) camera modules
— E-mirror camera modules
— Front view camera modules

The TPS650332-Q1 device is a highly integrated
power management |C for automotive camera
modules. This device combines three step-down
converters and one low-dropout (LDO) regulator. The
BUCK1 step-down converter has an input voltage
range up to 18.3 V for connections to power over
coax (PoC). All converters operate in a forced fixed-
frequency PWM mode. The LDO can supply 300 mA
and operate with an input voltage range from 2.5 V to
5.5 V. The step-down converters and the LDO have
separate voltage inputs that enable maximum design
and sequencing flexibility.

The TPS650332-Q1 is available in a 24-pin VQFN
package (4.00 mm x 4.00 mm).

Device Information
PACKAGE

VQFN (24)

PART NUMBER(")
TPS650332-Q1

BODY SIZE (NOM)
4.00 mm x 4.00 mm

(1)  For all available packages, see the orderable addendum at
the end of the data sheet.
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4 Revision History

NOTE: Page numbers for previous revisions may differ from page numbers in the current version.

Changes from Revision * (November 2021) to Revision A (September 2022) Page

» Made cosmetic changes to registers with addresses 1Ah, 1Bh, 1Ch, 1Dh, 1Fh, 20h, 21h, 22h, 23h, 24h, 25h,
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5 Pin Configuration and Functions
Figure 5-1 shows the 24-pin QFN pin assignments.
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Figure 5-1. TPS650332-Q1 24-Pin QFN (Top View)

Table 5-1. Pin Functions

NO. NAME TYPE DESCRIPTION
1 SCL | 12C Clock Line
2 SDA 110 12C Data Line
3 nRSTOUT O Reset Output
4 VAP8_INT (0] Internal Reference Voltage - For Internal Use Only
5 AGND GND Analog Ground
6 FB_B1 | BUCK1 (Mid Voltage Step-Down Converter) Feedback
7 VSYS_S PWR Device Input Power for Safety (Connect externally to the VSYS pin)
8 VSYS PWR Device Input Power (Connect externally to the VSYS_S pin)
BUCK1 (Mid Voltage Step-Down Converter) Input Voltage. Apply the
9 PVIN_B1 PWR voltage on PVIN_B1 at the same time or after the voltage on VSYS
is applied.
10 SEQ | Sequence Control Pin
11 LX_B1 (0] BUCK1 (Mid Voltage Step-Down Converter) Switch Node
12 BOOT (0] BOOTCAP pin for BUCK1 (Mid Voltage Step-Down Converter)
13 VREG o gsaeveDr;ievre) LDO Output for BUCK1 (Mid Voltage Step Down
14 FB_B3 | BUCKS3 (Low Voltage Step-Down Converter) Feedback
BUCKS (Low Voltage Step-Down Converter) Input Voltage. Apply the
15 PVIN_B3 PWR voltage on PVIN_B3 at the same time or after the voltage on VSYS
is applied.
16 LX_B3 (0] BUCKS (Low Voltage Step-Down Converter) Switch Node
17 VIO | 10 Supply Voltage pin
18 FB_B2 | BUCK2 (Low Voltage Step-Down Converter) Feedback
19 GPIO I/0 General Purpose Input/Output
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Table 5-1. Pin Functions (continued)
NO. NAME TYPE DESCRIPTION
20 LX_B2 (0] BUCK2 (Low Voltage Step-Down Converter) Switch Node
BUCK2 (Low Voltage Step-Down Converter) Input Voltage. Apply the
21 PVIN_B2 PWR voltage on PVIN_B2 at the same time or after the voltage on VSYS
is applied.
22 nINT 0 Interrupt Request Output

LDO Input Voltage. Apply the voltage on PVINLDO at the same time

2 PVINLDO PWR or after the voltage on VSYS is applied.
24 VLDO O LDO Output Voltage
A1-Ad Corner Anchors GND Corner Anchors for package stability (internally connected to the
Power Pad)
PowerPad™ GND Device Thermal Pad and PGND connection. Must be connected to

main ground plane for proper operation.
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6 Specifications

6.1 Absolute Maximum Ratings

Over operating free-air temperature range (unless otherwise noted)(")

POS MIN MAX UNIT
4.1.1 VSYS, VSYS_S -0.3 20
4.1.2 PVIN_B1 -0.3 20
413 FB_B1 -0.3 5.5
414 BOOT -0.3 Vix g1 +55
415 Input voltage PVIN_B2, PVIN_B3, PVINLDO -0.3 6.0 \
416 FB_B2, FB_B3 -0.3 55
417 VIO -0.3 55
418 SEQ -0.3 20
4.1.9 GPIO -0.3 55
4.1.10 LX_B1@ -2.0 20
4110.a I{é(ﬁfgz)for spikes with a pulse width less than 20 29
4.1.11 LX_B2,LX_B3 @ -2.0 6.0
4.1.12 Output voltage | VLDO -0.3 5.0 Vv
4113 VREG -0.3 55
4.1.14 V1P8_INT -0.3 1.98
4.1.15 SDA, SCL -0.5 5.0
4.1.16 nINT, nARSTOUT -0.3 5.0
4.1.20 Operating junction temperature, T 150 °C
4.1.21 Storage temperature, Tg 150 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress
ratings only, which do not imply functional operation of the device at these or any other conditions beyond those indicated under
Recommended Operating Conditions. Exposure to absolute-maximum-rated conditions for extended periods may affect device
reliability.

(2)  Minimum voltage reduces from -2.0V to -0.4V at Tp = 125°C.

6.2 ESD Ratings

POS VALUE UNIT
421 Human body model (HBM), per AEC Q100-002(") +2000
L Corner pins (1, 6, 7, 12, 13,
422 |VEsp) Electrostatic discharge Charged device model 18, 19 apnd 2(4) +750 \
(CDM), per AEC Q100-011
423 Other pins +500

(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.

6.3 Recommended Operating Conditions

Over operating free-air temperature range (unless otherwise noted)

POS MIN NOM MAX UNIT
VSYS,
4.3.1 VSYS. S Input voltage 4 18.3 \%
BUCK?1 Input Voltage (PVIN_B1 < VSYS/
432 PVIN_B1 VSYS._S) 4 18.3 \Y
433 BOOT BUCK1 Bootstrap Pin 0 Vix g1+5.0 \Y
434 LX_B1 BUCK?1 Switch Node Pin(") -0.5 20.0 \
435 CpviN_B1 BUCK1 Input Capacitance 6.8 10 uF
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6.3 Recommended Operating Conditions (continued)
Over operating free-air temperature range (unless otherwise noted)

POS MIN NOM MAX UNIT
4.3.6 FB_B1 BUCK1 Feedback pin 0 4.0 \
437 Eg—gg' BUCK2 and BUCK3 Feedback pin 0 2.0 v
4.3.8 Eg:m:gg BUCK2 and BUCKS3 Input Voltage Pins 0 5.5 \Y
4.3.9 LX_B2, LX_B3 |BUCK2 and BUCK3 Switch Node Pins(") -0.5 5.5 \Y
4.3.10 giﬁ:ﬁ:ﬁi BUCK?2 and BUCK3 Input Capacitance 6.8 10 uF
4.3.11 PVINLDO LDO Input Voltage 0 5.5 \Y
4.3.12 LDOOUT LDO Output Voltage Range 0 3.3 \%
4.3.13 CLpoout LDO Output Capacitance 1 4 uF
4.3.14 VREG 0 5.0 \
4.3.15 V1P8_INT 0 1.85 \
4.3.16 VIO 0 3.3 \

nINT,
4.3.17 nRSTOUT, 0 3.3 \Y

SEQ, GPIO
4.3.18 SCL and SDA 0 3.3 \Y
4.3.19 Ta Operating free-air temperature -40 125 °C
4.3.20 T, Operating junction temperature -40 150 °C
(1)  Minimum voltage reduces from -0.5V to -0.4V at Tp = 125°C.
6.4 Thermal Information

RGE
THERMAL METRIC(") VQFN UNIT
24 PINS

Roya Junction-to-ambient thermal resistance 31.7 °C/W
ReuJcitop) Junction-to-case (top) thermal resistance 27.2 °C/W
Roys Junction-to-board thermal resistance 10.5 °C/W
YT Junction-to-top characterization parameter 0.3 °C/W
Y Junction-to-board characterization parameter 10.5 °C/W
Reuc(bot) Junction-to-case (bottom) thermal resistance 1.2 °C/W

(1)  For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application
report, SPRA953.

6.5 Reference System
Over operating free-air temperature range (unless otherwise noted)

POS ‘ PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
ELECTRICAL CHARACTERISTICS
VSYS, .
451 VSYS_S Operating Input Voltage 4 18.3 \%

Measured on the VSYS pin, VSYS
455 lo_on Quiescent Current - On State 2 4.0V, VSYS and VSYS_S are 10 mA
connected together
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6.5 Reference System (continued)

Over operating free-air temperature range (unless otherwise noted)

POS PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
VSYS =0V to 3.5V, slow ramp rate,
4.5.6 lo_oFF Quiescent Current - Off State VSYS and VSYS_S are connected 100 150 uA
together
457 Cvsys VSYS external Capacitance 4.0 10 uF
4538 Vv1pg_INT Internal LDO Output Voltage VIN = VSYS 1.7 1.85 2.0 \%
45.9 Cv1pg_INT V1P8_INT external Capacitance 0.68 1 1.4 uF
4510 |Vyrec BUCK1 Gate Drive LDO VIN =VSYS 24.3 4.0 4.5 5.0 \Y
4512 |Cyrec VREG external Capacitance 0.68 1 1.4 uF
6.6 BUCK1 Converter
Over operating free-air temperature range (unless otherwise noted)
POS ‘ PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
ELECTRICAL CHARACTERISTICS
4.6.1 VN Input voltage 4 18.3 \Y
BUCK1 disabled measured at
4.6.6 IOFF_STATE Off State Current PVlN_B1 40 HA
46.7 VO(%T—LOW—V' Output voltage - Low VIN Range | V|y = 4.0V to 18.3V 2.5 3.3 35 \Y;
N
46.8 VO%—“'GH—V' Output voltage - High VIN Range | V)y = 4.5V to 18.3V 25 3.8 4.0 v
N
VouT_Accur Vin = 12.0V, lout = lout_max: Vout _ 0
4.6.10 ACY. DG DC Output Voltage Accuracy =25V 10 4.0V 1.5 1.5 %
VIN =4.0V to 18.3V for VOUT =
4.6.11 Vout_accur | Total Output Voltage Accuracy (DC 3.3V, Vy = 4.5V to 18.3V for Voyr _5 5 o
e ACY_TOT +AC) =3.8V, loyr = 1MA to 50% of °
lout_maxin 1us for both cases.
4.6.12 |Rrg_ NPUT Feedback input impedance Converter enabled 100 900 KQ
4613 | VLOADREGU |pc | oad Regulation Vin = 12.0V, Vour = 3.3V, loyr = 0 0.1 %IA
LATION to lout_max
46.15 | VUNEREGUL | DG | ing Regulation Vin = 4.0V 0 18.3V, loyr = 500mA 15 %
ATION and 1500mA
VL.oAD_TRANS ; ViN =12.0V, Voyr = 3.3V, loyt =
4.6.16 N Load Transient 1mA to 50% of loy yax in 1us, 100 mV
4618 | VLNETRANSI || ine Transient Vin = 4.0V't0 18.3V in 100uS, Vour 100 mv
ENT =3.3V, loyt = 1mA and loyt_max.
V COUT =10uF, X7R, ESR =
4.6.19 | 'RIPPLE_PWMIpyWM Mode 10mohms, L = 1.5uH, DCR = 110 20 mV
_PtoP mQ, QFN Package
4621 |loyt max (! |Maximum Operating Current 1.5 A
4622 |'CURRENT_LIM | ghort Gircuit Current Limit Vin = (7.5 x 108) x L, Vout = OV 1.8 2.4 3 A
IT
4.6.23 |Rpson_Hs High Side MOSFET On Resistance |Measured Pin to Pin 300 mQ
4.6.24 |Rpson_Ls Low Side MOSFET On Resistance |Measured Pin to Pin 165 mQ
. . Active only when converter is
4.6.25 |RpiscHarce |Output Discharge Resistance disabled, Rojsouarce Setting = ‘00 off KQ
. . Active only when converter is
4.6.26 |RpjscHarce |Output Discharge Resistance disabled, Roischarae Setting = '01' 60 125 250 Q
. . Active only when converter is
4.6.27 |RpiscHarGe |Output Discharge Resistance disabled, Roischarae Setting = 10 120 250 450 Q
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6.6 BUCK1 Converter (continued)
Over operating free-air temperature range (unless otherwise noted)
POS PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
. . Active only when converter is
4.6.28 |RpiscHarce |Output Discharge Resistance disabled, Rojscparae Setting = '11° 240 500 850 Q
46.34 |Lsw 1s Output Inductance 1.0 15 2.0 uH
4.6.36 |Cout Lc LC Filter Output capacitance 6.8 10 14 uF
4.6.37 |CgooT Boot capacitance 0.07 0.1 0.13 uF
TIMING CHARACTERISTICS
4.6.50 VIN_Ramp_Ti | Input voltage Ramp Time under Input voltage controlled by a pre- 0.1 100 ms
o ME_NORMAL | hormal operating conditions regulator. PVIN_B1 =0V to 10V '
4.6.51 VIN_rRamp_Ti | Input voltage Ramp Time based on |Hot Plug occurring at the input of 1 Vius
o ME_HOT_PLUG | @ Hot Plug scenario the device. PVIN_B1 =0V to 10V. H
) Time from completion of 12C
46.53 |tsarr Start Time command to output voltage at 10% 200 Hs
) Measured from 10% to 90% of
4.6.54 |tramp Ramp Time target value 200 480 800 us
SWITCHING CHARACTERISTICS
4.6.60 |fsw Switching Frequency PWM - Fixed Frequency 2.18 23 242 MHz
Converter Switching Frequency with
46.62 | fss en Spread Spectrum Enabled 2.05 255 MHz
A Dither Amplitude of Spread
4.6.63 | DITHER_TRIA| gpectrum Clock for a Triangular 150 KHz
N Dither pattern
4.6.64 |fpitHER sTep | Dither Step frequency 18 KHz
4665 |Mprher g::)hcir Slope of Spread Spectrum 45| KHzlus

M

limits. Vin = [(Rpson + Lpcr) * ILoap] + (Vout / 0.9)

6.7 BUCK2 and BUCK3 Converters

Over operating free-air temperature range (unless otherwise noted)

Load current capability depends on the Input Voltage and Output Voltage. The following formula can be used to determine the

POS ‘ PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
ELECTRICAL CHARACTERISTICS
4.71 A\ Input voltage 2.5 5.5 \
2.5V < PVINx < 5.5V. BUCKXx
47.3  |lorr_state | Off State Current Disabled, measured at PVIN_Bx 25 pA
4.75.a |Vour Output voltage - VN = 2.5V to 4.0V 0.9 1.2 1.9 \Y
VOUT_ACCUR DC Output Voltage Accuracy - VIN = 33V, IOUT = IOUT_MAXv VOUT = _ o
4710 v be Overall 0.9V to 1.9V 15 15 &
4711 |VOUTACCWR |pc Output Voltage Accuracy Vin = 3.3V, lout = lout_max Vour = 30 mv
ACY_DC_1_8V 1.8V
4712 |VoUTACCR |pc Output Voltage Accuracy Vin = 3.3V, lour = lout_max, Vour = 20 mvV
ACY_DC_1_2V 1.2V
Vin=2.5V t0 5.5V, VOUT =1.2V
4713 Vout accur | Total Output Voltage Accuracy (DC and 1.8V, oyt = 1MA to 50% of _5 5 %
ACY_TOT +AC) -
IOUTﬁMAX in 1us
4.7.14 |Rrg_ NPUT Feedback input impedance Converter enabled 100 900 KQ
4715 |VLOADREGU |pC | oad Regulation Vin =33V, Vour = 1.8V, lour = 0 to 0.1 %/IA
LATION lout_max
VLINE_REGUL . . VIN =25Vto 55V, VOUT =1.8V and o
4.7.16 ATION DC Line Regulation 1.2V, lour = 250mA and 1000mA 1.5 %
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6.7 BUCK2 and BUCK3 Converters (continued)

Over operating free-air temperature range (unless otherwise noted)

POS PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
VLOAD_TRANS . VIN = 38V, VOUT =1.8V and 12V,
4.7.18 N Load Transient lout = 1MA to 500mA in 1us, 50 mV
v VIN =2.5V t0 5.5V in 50uS, VOUT
4719 | "UNE_TRANSI | ine Transient =1.8V and 1.2V, loyT = 1mA and 50 mv
ENT lout_max:
V COUT = 10UF, X7R, ESR =
4.7.20 | "RIPPLEPWM| py\ Mode 10mohms, L = 1uH, DCR = 20 mV
_PtoP 60mohms, QFN Package
4.7.22  |louT_mAX Maximum Operating Current 1.2 A
4723 ||CURRENT_LIM | gort Circuit Current Limit VN = 3.3V, Vour = 0V 1.6 2.2 2.8 A
T
4.7.26 |Rpson_Hs High Side MOSFET On Resistance |Measured Pin to Pin, V|y = 3.8V 160 mQ
4.7.27 |Rpson_Ls Low Side MOSFET On Resistance |Measured Pin to Pin, V|y = 3.8V 80 mQ
. . Active only when converter is
4.7.28 |RpiscHarce |Output Discharge Resistance disabled, Rpscharce Setting = '00'. off KQ
. . Active only when converter is
4.7.29 |RpiscHarce |Output Discharge Resistance disabled, Roiscparae Setting = ‘01" 60 125 200 Q
. . Active only when converter is
4.7.30 |RpiscHarce |Output Discharge Resistance disabled, Rojscparae Setting = 10" 120 250 400 Q
. . Active only when converter is
4.7.31 |RpiscHarce |Output Discharge Resistance disabled, Roiscparae Setting = 11", 240 500 800 Q
4.7.37 |Lsw Output Inductance 0.68 1.2 uH
4.7.38 |Cout Output capacitance 6.8 10 12 uF
TIMING CHARACTERISTICS
) Time from completion of 12C
4.7.50 | tstarr Start Time command to output voltage at 10% 200 HS
) Measured from 10% to 90% of
4.7.51 |travp Ramp Time target value 200 480 800 us
SWITCHING CHARACTERISTICS
4.7.60 |fsw Switching Frequency PWM - Fixed Frequency 2.18 23 242 MHz
Converter Switching Frequency with
4.7.62 | fss en Spread Spectrum Enabled 2.05 255 MHz
A Dither Amplitude of Spread
4.7.63 | DITHER_TRIA| gpectrum Clock for a Triangular 150 KHz
N Dither pattern
4.7.64 |fpirher sTep | Dither Step frequency 18 KHz
4765 |Mprher Dither Slope of Spread Spectrum 45 KHz/us
Clock
6.8 Low Noise LDO
Over operating free-air temperature range (unless otherwise noted)
POS ‘ PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
ELECTRICAL CHARACTERISTICS
481.a |V Input voltage 2.5 5.5 V
4383 Vout Output voltage VN = 2.5V to 3.8V 1.8 3.3 \
. Vin = 3.3V, loyt = 100mA, LDO
4.8.5 Rpypass | Bypass resistance Bypass Enabled 1 Q
Vour pc | Total DC accuracy including DC load | For all valid operating conditions,
4.8.6 _AccurA |and line regulation for all valid output | measured after the output voltage has -1% 1%
oy voltages settled
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6.8 Low Noise LDO (continued)
Over operating free-air temperature range (unless otherwise noted)
POS PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
V VIN = 33V, VOUT = 280V, IOUT =20%
4.8.11 LOAD_T || oad Transient of louT max to 80% of loyT maxin 1us, -25 25| mVv
RANSIENT = -
COUT =2.2uF
Vv VIN step = 600 mVPP, T = Tg =10
4.8.12 LINE_TR || ine Transient us, LDO not in dropout condition, loyt -25 25| mV
ANSIENT =1mA and IOUT_MAXZ
4813 Vproro Dropout Voltage For full V|y range and max operating 150 300 mv
uT current
NOISEg . f=100Hz to 100KHz, V|5 = 3.3V, loyt =
4.8.18 vs RMS Noise 300mA, Vour = 2.8V and 1.8V 15 uVrms
4819 |'OUTMAX | Maximum Operating Current low 150| mA
1
4820 |'OUT_MAX|Maximum Operating Current high 300 mA
2
4821 ||CURREN I ghort Circuit Current Limit low Vin = 3.6V, Vour = OVTested under a 200 450 mA
T_LIMITY pulsed load condition
4822 |'CURREN |ghort Circuit Current Limit high Vin = 3.6V, Vour = OVTested under a 400 200| mA
T LIMIT2 pulsed load condition
4.8.23 |y RrusH |LDO inrush current VIN = 3.3V and then LDO is enabled. 650 mA
4.8.04 Active only when_gomrerter is disabled, 35 50 65 KQ
RpiscHarRce_oTp = '00
4.825 gctlve only whenzc%lener is disabled, 60 125 200 0
Roiscra | oytput Discharge Resistance DISCHARGE OTP —
4.8.26 RGE Active only when_c‘on\'/erter is disabled, 120 250 400 0
RpiscHarce_oTp ='10
4.8.27 Active only when_c‘on\‘/erter is disabled, 240 500 800 0
RpiscHarce_oTp = '11
4.8.28 |lqof Quiescent current off mode 2| pA
4.8.29 |lgon Quiescent current on mode lload = 0A 40 uA
4.8.31 Cin Input filtering capacitance 1 uF
4832 |Cour Output filtering capacitance 1 4 uF
4834 |Cgsr Filtering capacitor ESR max 1MHz to 10MHz 10 20| mQ
TIMING CHARACTERISTICS
) Time from completion of 12C command
4850 |tstarT |Start Time o output voltage at 10% 150 us
0,
4852 |taayp Ramp Time Measured from 0.5V to 90% of target 350 us
value
0,
4.853 traMP_sL Ramp Up Slew Rate Measured from 0.5V to 90% of target 25| mvius
EW value
4854 |trec Time to regulation From 90% to within +-2% of target 100 us
6.9 VIO
Over operating free-air temperature range (unless otherwise noted)
POS ‘ PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
ELECTRICAL CHARACTERISTICS
VIO present at the same time or
4.9.1 VIN_vio VIO Input voltage after VREG is present 1.8 3.6 \
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6.9 VIO (continued)

Over operating free-air temperature range (unless otherwise noted)

POS PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Maximum input current on the VIO
pin (assumes all inputs, outputs _
49.2 1IN _vio and input/outputs sourcing 2mA of VIO =36V 8 mA
current simultaneously)
493 IIN_vio_sSTATI MaX|mum input current on the VIO VIO = 3.6V 10 uA
c pin when all buffers are static.
Internal input pin capacitance on
495 CIN_VIO VIO pin 30 pF
6.10 SEQ
Over operating free-air temperature range (unless otherwise noted)
POS ‘ PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
ELECTRICAL CHARACTERISTICS
410.1 |V Low-level input voltage VBIAS = VIO 0.54 \Y
410.2 |V High-level input voltage VBIAS = VIO 1.26 \
4.10.3 |lke Input leakage current VBIAS = VIO MA
4104 |RinT_PD Internal pull-down resistance Vseq =1V 1 MQ
4105 |C\n Internal input pin capacitance 10 pF
TIMING CHARACTERISTICS
Deglitch time on both rising and
4.10.10 toEGLITCH falling edges 8 12 us
6.11 nINT
Over operating free-air temperature range (unless otherwise noted)
POS ‘ PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
ELECTRICAL CHARACTERISTICS
4111 VoL oo Low-level output voltage (open VIO = 1.8V, Ig, = 2mA 0.4 v
= drain)
4112 |RinT_pu_op |Internal pull-up resistor 7 15 kQ
4113 |VoL pp Low-level output voltage (push-pull) |VIO = 1.8V, Ig. = 2mA 0.4 \%
4114  |Vou pp High-level output voltage (push-pull) | VIO = 1.8V, lgy = 2mA 0.8 \Y
4115 |lke Input leakage current VIO = 3.6V 1 MA
TIMING CHARACTERISTICS
YRIRIED Output Voltage Rise Time (push- VIO = 1.8, C_oap = 10pF, Measured 5 ns
S R_PP pull) from 10% to 90%
) ] VIO = 1.8, C_oap = 10pF, Measured
41112 |t pp Output Voltage Fall Time (push-pull) from 90% to 10% 10 ns
6.12 nRSTOUT
Over operating free-air temperature range (unless otherwise noted)
POS ‘ PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
ELECTRICAL CHARACTERISTICS
4121 VoL on Low-level output voltage (open VIO = 3.6V, Ig, = 2mA 0.4 v
— drain)
4.12.2 |RinT_pu_op |Internal pull-up resistor 7 15 kQ
4123 |VoL pp Low-level output voltage (push pull) |VIO = 3.6V, Ig. = 2mA 0.4 \%
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6.12 nRSTOUT (continued)
Over operating free-air temperature range (unless otherwise noted)

POS PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
4124 |Vou pp High-level output voltage (push pull) |VIO = 3.6V, Ig. = 2mA *\?Ig \
4125 |VoL pp Low-level output voltage (push pull) |VIO = 1.8V, Ig. = 2mA 0.4 \Y
4.12.6 |Vou pp High-level output voltage (push pull) | VIO = 1.8V, I = 2mA 0.7*VIO \%
412.7 |lke Input leakage current VIO = 3.6V 1 MA
TIMINIG CHARACTERISTICS

o VIO = 1.8V, C_oap = 10pF,
4.12.10 |tr pp Output voltage rise time Measured from 10% to 90% 5 ns
) VIO = 1.8V, C_oap = 10pF,
41211 |t pp Output voltage fall time Measured from 90% to 10% 5 ns
41212 tDEGLITCH_RE Deglltch time on both rising and 8 10 12 us
ADBACK falling edges
6.13 GPIO
Over operating free-air temperature range (unless otherwise noted)

POS ‘ PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
ELECTRICAL CHARACTERISTICS
4131 |V Low-level input voltage 0.54 \Y
4132 |ViH High-level input voltage 1.26 \%
4133 |lke Input leakage current 1 MA
4134 |Cn Internal input pin capacitance 10 pF
4.13.5 |VoL Low-level output voltage VIO = 3.6V, IgL = 2mA 0.4 \
4.13.6 |Von High-level output voltage VIO = 3.6V, lgy = 2mA 0.8 \
4138 |Rep Internal pull-down resistance when |y, _ 4 gy or 3.3v 100 400 KO

configured as an input

TIMING CHARACTERISTICS

. ) VIO = 1.8, C_oap = 10pF, Measured
41311 |tr Output Voltage Rise Time from 10% to 90% 5 ns

) VIO = 1.8, C_oap = 10pF, Measured

4.13.12 |t Output Voltage Fall Time from 90% to 10% 5 ns
6.14 12C Interface
Over operating free-air temperature range (unless otherwise noted)

POS ‘ PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
ELECTRICAL CHARACTERISTICS
4141 |V i2c Input Low Voltage Threshold 0.4 \
4142 |\Viy 2 Input High Voltage Threshold 1.26 \
4.14.3 VOL_IZC DATA OUtpUt low voltage VPULL_UF’ =1.8V and 3.3V 0.4 \
4.14.4 ILKG_IZC Leakage Current VPULL_UF’ =1.8V and 3.3V 0.01 0.3 HA

. . Standard Mode, Fast Mode, Fast
4149 |C, Capacitance for each 1/O pin Mode Plus and High-Speed Mode 10 pF
4.14.10 |Cp Load capacitance on SDA and SCL |Standard Mode and Fast Mode 400 pF
41411 |Cp Load capacitance on SDA and SCL |Fast Mode Plus 550 pF
41412 |Cp Load capacitance on SDA and SCL |High Speed Mode (3.4MHz) 100 pF
12 Submit Document Feedback Copyright © 2022 Texas Instruments Incorporated
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6.15 Monitor Ref Sys

Over operating free-air temperature range (unless otherwise noted)

POS ‘ PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
ELECTRICAL CHARACTERISTICS
Internal under-voltage lockout .
4151 |VSYSyvio R threshold VSYS rising 3.5 3.9 \Y
4.15.2 VSYSyviLo H |Internal under-voltgge lockout VSYS falling 100 150 200 mv
vs threshold hysteresis
Supply over-voltage protection .
4.15.3 |VSYSovwp threshold VSYS rising 18.5 \Y
4.15.4 VSYSovp 1 |Supply over-voltag‘e protection VSYS falling 0925 10 192 v
vs threshold hysteresis
6.16 Monitor BUCK1
Over operating free-air temperature range (unless otherwise noted)
POS ‘ PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
ELECTRICAL CHARACTERISTICS
4.16.1 -5 -4 -3
4162 |yBucki_u | MV BUCKT under-voltage detection | p;01¢1 taling, Slew Rate = 55 45 35|
v threshold expressed in percentage 50mV/ms %o
4.16.3 of target regulation voltage —6 -5 —4
4.16.4 -6.5 -55 -4.5
MV BUCK1 under-voltage detection
4165 VBUCK1_U |threshold hysteresis expressed in | VBUCK1 rising, Slew Rate = 105 o
T V_HYS percentage of absolute value of 50mV/ms ' °
VBUCK1_UV
4.16.6 3 4 5
4.16.7 | yuck1_o | MV BUCK1 over-voltage detection | gy 1iging, Slew Rate = 35 45 55
vV threshold expressed in percentage 50mV/ms %
4.16.8 of target regulation voltage 4 S 6
4.16.9 45 55 6.5
MV BUCK1 over-voltage detection
4.16.10 VBUCK1_O [threshold hysteresis expressed in | VBUCK1 falling, Slew Rate = 0.95 Y
T V_HYS percentage of absolute value of 50mV/ms ' °
VBUCK1_OV
MV BUCK1 over-voltage protection
VBUCK1_O |detection threshold expressed in VBUCK1 rising, Slew Rate = o
4.16.11 ) 9 12 15 Yo
VP percentage of target regulation 50mV/ms
voltage
MV BUCK1 over-voltage protection
4.16.12 VBUCK1_O |detection threshold hysteresis VBUCK1 falling, Slew Rate = 09 o
T VP_HYS expressed in percentage of 50mV/ms ’ °
absolute value of VBUCK1_OVP
VBUCK1_S |MV BUCK1 short-circuit detection |VBUCK1 falling, Slew Rate =
4.16.13 CG threshold 50mV/ms 250 300 350 mV
4.16.14 VBUCK1_S |[MV BUCK1 short-circuit detection |VBUCKT1 rising, Slew Rate = 100 mv
T CG_HYS threshold hysteresis 50mV/ms
TIMING CHARACTERISTICS
tsuck1 vmon | MV BUCK1 output voltage fault Measured from UV/OV/OVP event
4.16.20 - : . . . . 20 24 us
_DEG detection deglitch time to respective status bit being set
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6.17 Monitor BUCK2

Over operating free-air temperature range (unless otherwise noted)

POS ‘ PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
ELECTRICAL CHARACTERISTICS
4171 -5 -4 -3
417.2 |yBuckz_y |-V BUCK2 under-voltage detection | g ;015 fling, Slew Rate = 55 45 35
v threshold expressed in percentage 50mV/ms %
4173 of target regulation voltage —6 -5 —4
4174 -6.5 -5.5 -4.5
LV BUCK2 under-voltage detection
4175 VBUCK2_U |threshold hysteresis expressed in | VBUCK?2 rising, Slew Rate = 1.05 o
T V_HYS percentage of absolute value of 50mV/ms ' °
VBUCK2_UV
4.17.6 3 4 5
4177 |vBUCK2_o | LV BUCK2 over-voltage detection |y g ;0165 rising, Slew Rate = 35 45 55
v threshold expressed in percentage 50mV/ms %o
4.17.8 of target regulation voltage 4 5 6
4.17.9 4.5 5.5 6.5
LV BUCK2 over-voltage detection
41710 VBUCK2_O |threshold hysteresis expressed in | VBUCK?2 falling, Slew Rate = 0.95 o
o V_HYS percentage of absolute value of 50mV/ms ' °
VBUCK2_0OV
LV BUCK2 over-voltage protection
VBUCK2_O |detection threshold expressed in VBUCK?2 rising, Slew Rate =
4.17.11 ) 9 12 15 %
VP percentage of target regulation 50mV/ms
voltage
LV BUCK2 over-voltage protection
41712 VBUCK2_O |detection threshold hysteresis VBUCK?2 falling, Slew Rate = 09 o
T VP_HYS expressed in percentage of 50mV/ms ’ °
absolute value of VBUCK2_OVP
VBUCK2_S |LV BUCK2 short-circuit detection VBUCK?2 falling, Slew Rate =
41713 CG threshold 50mV/ms 250 300 350 mV
41714 VBUCK2_S |LV BUCK2 short-circuit detection VBUCK?2 rising, Slew Rate = 100 mv
T CG_HYS threshold hysteresis 50mV/ms
TIMING CHARACTERISTICS
tsuck2 vmon | LVBUCK2 output voltage fault Measured from UV/OV/OVP event
4.17.20 — : - . ’ L 20 24 us
_DEG detection deglitch time to respective status bit being set
6.18 Monitor BUCK3
Over operating free-air temperature range (unless otherwise noted)
POS ‘ PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
ELECTRICAL CHARACTERISTICS
4.18.1 -5 -4 -3
4182 |ypucka_y |-V BUCKS under-voltage detection | g ;015 f1ing, slew Rate = 55 45 35
v threshold expressed in percentage 50mV/ms %
4.18.3 of target regulation voltage —6 -5 —4
4184 -6.5 -5.5 -4.5
LV BUCKS3 under-voltage detection
4185 VBUCK3_U |threshold hysteresis expressed in | VBUCKS rising, Slew Rate = 1.05 o
T V_HYS percentage of absolute value of 50mV/ms ' °
VBUCK3_UV
4186 3 4 5
4187 |yBUcka_o | LV BUCK3 over-voltage detection 1 g ;cie3 1ising, Slew Rate = 35 45 55
v threshold expressed in percentage 50mV/ms %o
4.18.8 of target regulation voltage 4 5 6
4.18.9 4.5 5.5 6.5
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6.18 Monitor BUCK3 (continued)

Over operating free-air temperature range (unless otherwise noted)

POS PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
LV BUCKS3 over-voltage detection
4.18.10 VBUCK3_O [threshold hysteresis expressed in | VBUCKS falling, Slew Rate = 0.95 o
o V_HYS percentage of absolute value of 50mV/ms ' °
VBUCK3_OV
LV BUCKS3 over-voltage protection
VBUCK3_O |detection threshold expressed in VBUCKS rising, Slew Rate =
4.18.11 ) 9 12 15 %
VP percentage of target regulation 50mV/ms
voltage
LV BUCKS3 over-voltage protection
4.18.12 VBUCK3_O |detection threshold hysteresis VBUCKS falling, Slew Rate = 09 o
T VP_HYS expressed in percentage of 50mV/ms ’ °
absolute value of VBUCK3_OVP
VBUCK3_S |LV BUCKS3 short-circuit detection VBUCKS falling, Slew Rate =
4.18.13 CG threshold 50mV/ms 250 300 350 mV
4.18.14 VBUCK3_S |LV BUCKS3 short-circuit detection VBUCKS rising, Slew Rate = 100 mv
o CG_HYS threshold hysteresis 50mV/ms
TIMING CHARACTERISTICS
tsucks vmon | LV BUCKS output voltage fault Measured from UV/OV/OVP event
4.18.20 - ) . ; ; L 20 24 us
_DEG detection deglitch time to respective status bit being set
6.19 Monitor LDO
Over operating free-air temperature range (unless otherwise noted)
POS ‘ PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
ELECTRICAL CHARACTERISTICS
4.19.1 -4.5 -3.5 -25
4.19.2 LDO under-voltage detection 5.0 4.0 3.0
LDO_UV threshold expressed in percentage |LDO falling, Slew Rate = 50mV/ms %
4.19.3 of target regulation voltage -5.5 -4.5 -3.5
4194 -6.0 -5.0 -4.0
LDO under-voltage detection
4195 LDO_UV_H |threshold hysteresis expressed in LDO rising, Slew Rate = 50mV/ms 1.05 o
YS percentage of absolute value of
VLDO_UV
4.19.6 3 4 5
4.19.7 LDO over-voltage detection 3.5 4.5 5.5
LDO_OV threshold expressed in percentage |LDO rising, Slew Rate = 50mV/ms %
4.19.8 of target regulation voltage 4 5 6
4.19.9 4.5 5.5 6.5
LDO over-voltage detection
4.19.10 | LDO_OV_H |threshold hysteresis expressed in || 4 toyino Slew Rate = 50mV/ms 0.95 %
YS percentage of absolute value of
VLDO_OV
LDO over-voltage protection
41911 |LDO_ovp |detection threshold expressed in || b4y fiing Sjew Rate = 50mVims 9 12 15 %
percentage of target regulation
voltage
LDO over-voltage protection
4.19.12 | -DO_OVP_|detection threshold hysteresis LDO falling, Slew Rate = 50mV/ms 0.9 %
HYS expressed in percentage of
absolute value of VLDO_OVP
41913 |LDO_scg |-DO short-circuit detection LDO falling, Slew Rate = 50mV/ms 250 300 350 mv
threshold
LDO_SCG_ |LDO short-circuit detection - _
4.19.14 HYS threshold hysteresis LDO rising, Slew Rate = 50mV/ms 100 mV
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6.19 Monitor LDO (continued)
Over operating free-air temperature range (unless otherwise noted)
POS ‘ PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
TIMING CHARACTERISTICS
fLoo vmon p |LDO output voltage fault detection | Measured from UV/OV/OVP event
4.19.20 - - . . . . 20 24 VE]
EG deglitch time to respective status bit being set
6.20 Monitor Temperature Sensor
Over operating free-air temperature range (unless otherwise noted)
POS ‘ PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
ELECTRICAL CHARACTERISTICS
4201 |Twarm_tH | Thermal warning threshold T, rising 110 120 130 °C
4.20.2 TwarM_TH_H | Thermal warning threshold T, falling 8 10 12 oc
vs hysteresis
4.203 Tsp_rauLt_1 | Thermal immediate shutdown T, rising 140 150 160 °c
H threshold
4204 |Tso_FauTH |Thermal immediate T, falling 8 10 12 °C
vs shutdown hysteresis

6.21 Monitor VREG
Over operating free-air temperature range (unless otherwise noted)

POS ‘ PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
ELECTRICAL CHARACTERISTICS
4211 |VREG_ Uv |/REG under-voltage detection VREG falling 2576 28 3.024 v
threshold
VREG_UV_ | VREG under-voltage detection -
4212 HYS threshold hysteresis VREG rising 37 mV
4213 |VREG ovp | YREG over-voltage protection VREG rising 5428 59 6372 v
detection threshold
VREG_OVP |VREG over-voltage protection .
4214 _HYS detection threshold hysteresis VREG falling 37 mV
TIMING CHARACTERISTICS
tmvep vmon | VREG output voltage fault detection | Measured from UV/OVP event to
4.21.10 - - . . . I 20 24 us
DEG deglitch time respective status bit being set

Monitor Loss of Ground
Over operating free-air temperature range (unless otherwise noted)
POS ‘ PARAMETER ‘ TEST CONDITIONS MIN TYP MAX UNIT

ELECTRICAL CHARACTERISTICS
TIMING CHARACTERISTICS

Loss of ground detection deglitch

4.22.10 tLOGiDEG time 10 12 us

6.22 Monitor VIP8_INT
Over operating free-air temperature range (unless otherwise noted)

POS ‘ PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
ELECTRICAL CHARACTERISTICS

V1P8_INT_ |V1P8_INT under-voltage detection
uv threshold

4.241 V1P8_INT falling 1.55 1.62 \
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6.22 Monitor VIP8_INT (continued)

Over operating free-air temperature range (unless otherwise noted)

POS PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

VAP8_INT_ |V1P8_INT under-voltage detection -

4242 1yy HYs T |threshold hysteresis V1P8_INT rising 30 55 mv
V1P8_INT_ |V1P8_INT over-voltage protection -

4243 ovP detection threshold V1P8_INT rising 2.14 2.23 \
V1P8_INT_ [V1P8_INT over-voltage protection .

4244 OVP_HYS |detection threshold hysteresis V1P8_INT falling 35 55 mv

TIMING REQUIREMENTS
tvips vmon | V1P8_INT output voltage fault Measured from UV/OVP event to

4.24.10 — - - ! . . L 10 50 ys
DEG detection deglitch time respective status bit being set
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6.

23 Typical Characteristics
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Figure 6-1. Efficiency (BUCK1) vs Output Current
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Figure 6-2. Efficiency (BUCK2) vs Output Current
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Figure 6-3. Efficiency (BUCK3) vs Output Current
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Figure 6-4. LDO Noise Density
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Figure 6-5. LDO PSRR (150 mA)
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Figure 6-6. LDO PSRR

18

Submit Document Feedback

Copyright © 2022 Texas Instruments Incorporated


https://www.ti.com
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLVSG12A&partnum=TPS650332-Q1

TI Confidential - NDA Restrictions

13 TEXAS
INSTRUMENTS TPS650332-Q1
www.ti.com SLVSG12A — NOVEMBER 2021 — REVISED SEPTEMBER 2022

7 Detailed Description
7.1 Overview

The TPS650332-Q1 provides three step-down converters and one low dropout regulator. This device is
intended, but not limited, to powering automotive surround view camera sensors.

The step-down converters have a spread spectrum feature. The spread spectrum clock (SSC) feature modulates
the frequency so as to spread the power that may cause EMI.
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7.2 Functional Block Diagram
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7.3 Feature Description
7.3.1 Mid-Vin Step-Down Converter (BUCK1)

The TPS650332-Q1 synchronous step-down converter (BUCK1) uses a Forced Fixed Frequency topology.
7.3.1.1 Pulse Width Modulation (PWM)

The Forced Fixed Frequency topology operates in pulse width modulation (PWM) mode. In PWM mode, the
converter operates at its nominal switching frequency. The block diagram for the Mid-Vin converter is shown in
BUCK Block Diagram.

PVIN_ Bx
LM [€
v
RAMP TS PwM
—+ LX Bx
— BUCK
LOGIC T X
VSKIP TS sk —
1+
¢ e
J FB_Bx
LM [€
+ H VREF -
VOUT
_{ comPENSATION SETTING

Figure 7-1. BUCK Block Diagram

7.3.1.2 Output Voltage Settings

The output voltage settings of the step-down converter are controlled through 12C by setting the appropriate bits
of the voltage select register. These register settings can be used to modify the output voltage from its default
setting. Changing of the output voltage in real time is not recommended. Disable the converter before changing
the output voltage setting.

7.3.1.3 Output Discharge

The step-down converter has an internal discharge resistor. If set through the register, the discharge resistor
activates automatically when the converter is disabled.

7.3.1.4 Soft-Start Circuitry

The TPS650332-Q1 has an internal soft-start circuit. The soft-start circuit monotonically ramps up the output
voltage and reaches the nominal output voltage during a specified ramp time. This feature avoids excessive
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inrush current and creates a smooth output voltage slope. Figure 7-2 shows how the output voltage ramp up is
controlled during a soft-start event.

EN

VOUT

Figure 7-2. Soft Start

7.3.1.5 PVIN_B1 Undervoltage Lockout (UVLO)

The PVIN_B1 pin has an Undervoltage Lockout (UVLO) circuit different from the VSYS Undervoltage Lockout
circuit. The PVIN_B1 UVLO can be used to keep all the regulators off until the PVIN_B1 UVLO threshold is
surpassed. The PVIN_B1 UVLO threshold is programmable using 12C. By programming the PVIN_B1 UVLO
rising threshold higher than the VSYS UVLO threshold, a potential hiccup situation can be avoided as voltage on
VSYS is rising. Once the PVIN_B1 UVLO rising threshold is surpassed, the PVIN_B1 UVLO falling threshold is
monitored in order to detect a fault condition on the input voltage. The PVIN_B1 UVLO falling threshold must be
set at least 0.5 V less than the rising threshold.

7.3.2 Low-Vin Step-Down Converters (BUCK2 and BUCK3)

The TPS650332-Q1 synchronous step-down converters, BUCK2 and BUCKS, use a Forced Fixed Frequency
topology.

7.3.2.1 Pulse Width Modulation (PWM)

The Forced Fixed Frequency topology operates in pulse width modulation (PWM) mode. The converter operates
at its nominal switching frequency in PWM mode. The block diagram for the Low-Vin converter is shown in
Figure 7-3.
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Figure 7-3. BUCK Block Diagram

7.3.2.2 Output Voltage Settings

The output voltage settings of the step-down converter are controlled through the 12C by setting the appropriate
bits of the voltage select register. Changing of the output voltage in real time is not recommended. Disable the
converter before changing the output voltage setting.

7.3.2.3 Output Discharge

The step-down converter has an internal discharge resistor. If set through the register, the discharge resistor
activates automatically when the converter is disabled.

7.3.2.4 Soft-Start Circuitry

The TPS650332-Q1 has an internal soft-start circuit. The soft-start circuit monotonically ramps up the output
voltage and reaches the nominal output voltage during a specified ramp time. This feature avoids excessive
inrush current and creates a smooth output voltage slope. Figure 7-4 shows how the output voltage ramp up is
controlled during a soft-start event.
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EN

VOUT

Figure 7-4. Soft Start

7.3.3 Linear Low Drop-Out (LDO) Regulator

The TPS650332-Q1 has an LDO regulator designed to provide flexibility in system design. The LDO regulator
has a dedicated input voltage pin that can be tied to the output of BUCK1 or the output of another voltage
source.

The LDO can be configured using a register setting to operate in a 'By-Pass Mode'. In 'By-Pass Mode', the LDO
operates as a load switch.

7.3.3.1 Low Output Noise

The LDO regulator is designed to meet the requirements of sensitive analog circuits by providing low noise with
high PSRR operation. Any internal noise at the reference voltage is reduced by a first-order low-pass RC filter
before it is passed to the output buffer stage.

7.3.3.2 Output Voltage Setting

The output voltage settings of the LDO regulator are controlled through I2C by setting the appropriate bits of the
voltage select register. Changing of the output voltage in real time is not recommended. Disable the regulator
before changing the output voltage setting.

7.3.3.3 Output Discharge

The LDO regulator has a separate output discharge to ground. If set through the register, the discharge resistor
activates automatically when the LDO regulator is disabled. The discharge to ground also applies when the LDO
is configured in the 'By-Pass Mode' and it is disabled.

7.3.4 Power On/Off Sequencing

This device has a programmable power On/Off sequence. Sequencing can be programmed as a timed event or
based on the power good of the regulators.

7.3.5 SEQ pin

The SEQ pin can be used to initiate a power on or off sequence. A high level on this pin starts the power on
sequence. Driving the pin low starts the power down sequence. If the SEQ pin is not used for power sequencing,
driving it high or low is not necessary. An internal pull-down resistor maintains the logic level to the inactive state.

The device has a factory programmable option that latches the level of the SEQ pin. If this feature is enabled,
an internal SEQ signal is asserted high upon application of power on the VSYS pin that can be used to start
the power up sequence. The actual level of the SEQ pin is ignored for 60 ms. After 60 ms, the device acts on
the state of the SEQ pin such that if it is driven low, a power down sequence is started. The internal SEQ signal
stays low until VSYS drops below the device UVLO when the SEQ pin is driven low.

7.3.6 nRSTOUT pin

The nRSTOUT pin can be used to keep a peripheral in the reset condition until the desired voltage rails are
active. The nRSTOUT pin is part of the power on or off sequence and its timing is programmable. The pin can
be configured as push-pull or open drain. As an open-drain output, the pull-up resistor is integrated as part of the
device and the pull-up voltage comes from the VIO pin.
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7.3.7 nINT pin

The nINT output indicates when a fault has occurred. The I12C bus can be used to query the device to determine
the exact nature of the fault. The nINT pin can be configured as push-pull or open-drain. As an open-drain
output, the pull-up resistor is integrated as part of the device. The pull-up voltage is connected to the VIO pin.

7.3.8 General Purpose Input/Output (GPIO) Pin

The GPIO pin can be configured as an input or an output. As an output, the GPIO pin operates in a push-pull
configuration. The push-pull output is biased from the VIO pin and can be used as part of the power up
sequence to enable an external voltage rail. If configured as an output, the GPIO has to be enabled by setting
the GPIO_STATE register bittoa '1'.

As an input, it can be used as a control/enable for the power sequencing. When configured as an input, this pin
has an internal pull-down resistor.

7.3.9 Input/Output Voltage (VIO) Pin

The Input/Output voltage (VIO) pin defines the voltage rail for the pins listed below. The voltage on this pin
cannot be present prior to applying voltage on the VSYS pin. The voltage can be applied at the same time or
after the voltage on the VREG pin is present. If the voltage on this pin is supplied by an external voltage rail, the
voltage must be present before the nRSTOUT signal is de-asserted.

1. nRSTOUT pin (both push-pull and open-drain)
2. nINT pin (both push-pull and open-drain)
3. GPIO pin buffer when configured as an output.

7.4 Safety Description
7.4.1 Safety Functions and Diagnostic Features

7.4.1.1 Overview

This device is intended for use in safety-relevant automotive and transportation applications. The following list of
features are implemented.

* Voltage monitoring on all regulator outputs

* Regulator current limit

* Loss-of-ground monitoring

* Temperature monitoring

* Built-in self-tests

*  OQutput error monitor on NRSTOUT pin and nINT pin

» Cyclic Redundancy Check (CRC) on Device NVM Contents and Device Configuration Registers
+ CRC on I2C Interface

Figure 7-5 shows the concept and assumptions of this device.
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Figure 7-5. Safety Concept of the TPS650332-Q1
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7.4.1.2 Device State Controller
The Finite State Machine (FSM) controls the transition of the device from the various states.

In the Safe State configuration, Priority 2 failures transition the state machine to the RESET State forcing a
shutdown and Priority 3 failures generate an interrupt that transitions the state machine to the SAFE State.

7.4.1.2.1 State Machine - Remote MCU

OFF State:
» All regulator outputs are off

The device transitions from the OFF State to the RESET State if VSYS and VSYS_S exceed the VSYSyy 0 r
threshold.

RESET State:

« RESET State Entry

* Drives nRSTOUT low

* Resets all registers to their default state
* Loads the EEPROM

RESET State
* Runs the System ABIST

RESET State Exit

»  Waits for all PMIC rails to discharge below the specified limit except for the LDO output if the
LDO_PREBIAS_CTRL bit is set to '0'

* Waits for the temperature to fall below the WARM threshold level unless the WARM_THR_STARTUP_CTRL
bit is set to '0'

*  Waits for the BUCK1 PVIN_UVLO rising threshold to be exceeded

ACTIVE State:

» The internal state machine powers up all external rails enabled by the EEPROM settings and in the
order defined by the sequencing registers (SEQ_TRIG_BUCKx, SEQ_TRIG_LDO, SEQ_TRIG_nRSTOUT,
SEQ_TRIG_GPIO, BUCKx_SEQ_DLY, LDO_SEQ_DLY, nRSTOUT_SEQ_DLY, GPIO_SEQ_DLY)

* Runs the ABIST on all enabled rails

* Drives the nINT pin high

* The nRSTOUT pin is kept low for a programmed amount of time [RESET extension time,
NRSTOUT_DLY_ON] to ensure proper reset of the MCU/Serializer before it is pulled high

SAFE State:

» If a Priority 3 fault is detected, the device enters the Safe State
* The nRSTOUT pin remains at a high level

* The nINT pin is pulled low

* The external rails remain enabled

If all Priority 3 faults are cleared, the device transitions to the ACTIVE State. See state diagram for details.

If the fault detected is a Priority 2 fault and the STATE_TRANSITION bit is set to '0', the device transitions to the
RESET State

WT_PWR_REC State:

» If a Priority 2 fault is detected and the STATE_TRANSITION bit is set to '1", the part enters the
WT_PWR_REC state

* nRSTOUT is driven low

« All regulator outputs are disabled

In order to exit the WT_PWR_REC State, the voltage on VSYS and VSYS_ S must go below the
VSYSyvio THREsHoLD SO that the device can enter the OFF State.
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From any state (PRIORITY I):
(INTLDO_REF_ERR ="1) I If STATE_TRANSITION = “1":

FE VSYS < VSYSuuio

%gzg—g\\ia,; )] - From ACTIVE or SAFE state (PRIORITY 2):
. (VREG_OVP =1 I

(VREG_UV = ")

(PVIN_B1 < BUCK1_UVLO_Falling)

(BUCK1,2,3 OVPILDO_OVP ="1) %) 1

(BUCK1,2,3_HOT/LDO_HOT ="1") *) Il

/ (BUCK1,2,3_ SCG ="1") 1l
~ (LDO_SCG =11l
§ (BUCK1,2,3_UV/LDO_UV ='1' & UV_RST_EN ="1)*) I
% \ (BUCK1,2,3_OV/LDO_OV ='1' & OV_RST_EN ='1") *)II

WT_PWR_REC \ (BUCK1,2,3_OVL/LDO_OVL ="1") *) I
nRSTOUT=0" (NRRSTOUT_ERR ='1' & nRSTOUT_ERR_RST_EN ="1") I
\ NnINT =X (NINT_ERR ='1' & nINT_ERR_RST_EN ="1") ||
\ y (GND_LOSS ="1)I
VSYS > VSYSyvio r S 4 (NVM_CRC_ERR = 1) I

(RESTART_PMIC_CMD= '1")

OFF
nRSTOUT =X’
nINT =X’

If STATE_TRANSITION = ‘0":
RESET
nRSTOUT = ‘0’
nINT =X’ **)

From ACTIVE or SAFE state (PRIORITY 2):
(VREG_OVP ="1") 1l

(VREG_UV ="1") Il

(PVIN_B1 < BUCK1_UVLO_Falling)
(BUCK1,2,3_OVP/LDO_OVP ="1)*) I
(BUCK1,2,3_HOT/LDO_HOT ="1") *)
(BUCK1,2,3_SCG ="1") Il

(LDO_ScG="1")1

(BUCK1,2,3_UV/LDO_UV ="1"& UV_RST_EN ="1") *) Il
(

(

(

(

(

(

(

A

BUCK1,2,3_OV/LDO_OV ="1'& OV_RST_EN ="1") *) Il
BUCK1,2,3_OVL/LDO_OVL="1") ")

nRSTOUT_ERR ="1' & nRSTOUT_ERR_RST_EN="1") Il
nINT_ERR ="1"& nINT_ERR_RST_EN ="1") Il
GND_LOSS ="1") Il

NVM_CRC_ERR ="1") Il

RESTART_PMIC_CMD="1")

[(Temperature < Tsu rauir T & WARM_THR_STARTUP_CTRL =0)
(Temperature < Tyagw 1) & WARM_THR_STARTUP_CTRL ='1')] &
(PVIN_B1 > BUCK1_UVLO_Rising) &
(BUCK1,2,3_UV/LDO_UV ='0') )&
(BUCK1,2,3_ OV/LDO_OV = '0') *)&
(NRSTOUT_ERR ='0") &
(NINT_ERR ='0') &
%Egg,&\f: '0'()) )5 From ACTIVE state (PRIORITY 3):
(ABIST_ERR = 0" (BUCK1,2,3_ UVILDO_UV ="1' & UV_RST_EN="0") ") I

- (BUCK1,2,3_ OV/LDO_OV ="1" & OV_RST_EN="0) ") I
(BUCK1,2,3_ OCP ="' & BUCK1,2,3_OC_MASK ='0') ) I
(LDO_OCP ="' & LDO_OC_MASK ='0") *) I
(BUCK1,2,3 WARM = '1' & BUCK1,2,3_WARM_MASK ='0) *) I
(LDO_WARM = 1" & LDO_WARM_MASK ='0') *) I
(NRSTOUT_ERR = '1' & nRSTOUT_ERR_RST_EN="0') I
(nINT_ERR ="1' & nINT_ERR_RST_EN="0) I
(ABIST_ERR ="1)1
(CFG_CRC_ERR = 1" & CONFIG_CRC_EN ="1) I
(12C_CRC_ERR ="' & [2C_CRC_ERR_MASK =0 I

(I2C_INVALID_ADDR_ERR ='1' & I2C_INVALID_ADDR_ERR_MASK ='0'")

Al faults are cleared

ACTIVE

SAFE
nRSTOUT =1’
nINT =0’

nRSTOUT =1
nINT =1’

NOTE:
Voltages on all rails must be less than the SCG threshold before the rail can be enabled. Exception is LDO, if LDO_PREBIAS_CTRL = ‘0’
*) applicable to enabled rails only
**) the state of the nINT-pin is dependent on fault-conditions and VIO-supply
1. All rails are turend off under OVP, HOT, or SCG Condition, regardless of which state the device is in. It cannot be enabled until the faulty condition no longer exists.
2. In SAFE state, the MCU may have access to 12C of the TPS65033x
4. For following faults if the mask is being set, the . FSM won’t change state and nINT pin won’t be pulled low but the status bit is set:
BUCK1,2,3_OC/LDO_OC , BUCK1,2,3_WARM/ LDO_WARM, 12C-errors
5. ABIST_ERR is a superset of (OR-combination) of ABIST_LDO_ACK, ABIST_BUCK3_ACK, ABIST_BUCK2_ACK, ABIST_BUCK1_ACK and SYSTEM_ERR_ACK.

Figure 7-6. The TPS650332-Q1 device state diagram
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7.4.1.3 Voltage Monitoring (VMON)
7.4.1.3.1 Input Supply Voltage and Internal Reference Monitoring

The device includes two separate power domains — one for regulation circuitry and the other for monitoring
circuitry in order to ensure that voltage monitors are not affected by the voltage regulators. All internal regulators
and references for regulation circuitry and monitoring circuitry are powered from a supply at VSYS pin and
VSYS_S pin, respectively.

The input supply voltage is monitored for undervoltage and overvoltage events. If an overvoltage or undervoltage
is detected on VSYS and VSYS_S or both, the device turns off all voltage regulators (including the internal
regulators and references) and goes into the OFF state.

Critical internal regulators and references such as VREG and V1P8_INT are monitored at all times. Proper
operation of the device relies on these internal regulators and references to be within their defined range.

If the VIP8_INT internal reference is outside its defined range, an internal reference error is detected and
transitions the state machine to the OFF state.

The V1P8_INT and VREG rails require adequate decoupling capacitance for proper operation. Missing
decoupling capacitance may cause the rails to not regulate properly. In case of the V1P8_INT, the device may
not be able to set status bits and may enter an undefined state. To mitigate the effect in case of a failure on the
decoupling capacitor, the system integrator may add an additional capacitor on both of these rails.

7.4.1.3.2 Regulator Output Voltage Monitoring

The output of the three switched-mode regulators and the linear regulator are monitored for undervoltage,
overvoltage, and an overvoltage protection event as described in Figure 7-7.

If the output voltage exceeds the configurable OV-threshold with respect to the configured output voltage and if
OV_RST_EN="'1", then the device enters either the REST State or the WT_PWR_REC State (depending on the
setting of the STATE_TRANSITION bit), and forces the nRSTOUT and nINT pins to be pulled low.

If the output voltage exceeds the configurable OV-threshold with respect to the configured output voltage and if
OV_RST_EN='0'", the device enters the SAFE State and forces the nINT pin to be pulled low.

The MCU must clear the bit by writing a '1' to the respective _OV_ACK-error-bit.

If the output voltage falls below the configurable UV threshold with respect to the configured output voltage and
if UV_RST_EN="1", then the device enters either the REST State or the WT_PWR_REC State (depending on the
setting of the STATE_TRANSITION bit), and forces the nRSTOUT and nINT pins to be pulled low.

If the output voltage falls below the configurable UV threshold with respect to the configured output voltage and if
UV_RST_EN='0', the device enters the SAFE State, forcing the nINT pin to be pulled low.

The MCU must clear the bit by writing a '1' to the respective _UV_ACK-error-bit.
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Figure 7-7. Voltage monitoring scheme for regulator output
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7.4.1.4 Regulator current limit

All regulators include a current-limit circuit to protect the internal power MOSFETs from an over-current event.
Each current-limit circuit limits the output current of the respective regulator when an over-current event
occurs and the corresponding status bit (BUCKx_OCP_ACK or LDO_OCP_ACK) is set. If the corresponding
_OCP_MASK bit is set to 0 (not masked), the device transitions to the SAFE State and pulls down the nINT pin.
The MCU must clear the bit by writing a '1' to the respective _ OCP_ACK bit.

The combination of an over-current and an undervoltage is considered an over-load-condition. If this condition
occurs, the device sets a corresponding status bit (BUCKx_OVL_STATUS or LDO_OVL_STATUS) and the
device transitions to either the REST State or the WT_PWR_REC State (depending on the setting of the
STATE_TRANSITION bit), and forces the nRSTOUT and nINT pins to be pulled low.

If the fault is no longer present, the MCU can clear the bit by writing a '1' to the respective error-bit.
7.4.1.5 Short Circuit to Ground (SCG) detection

All regulators include a short circuit to ground detection. If the output voltage falls below the threshold
voltage defined by VBUCKx SCG or LDO_SCG, the corresponding status bit (BUCKx_SCG_STATUS or
LDO_SCG_STATUS) is set and the device transitions to either the REST State or the WT_PWR_REC State
(depending on the setting of the STATE_TRANSITION bit), and forces the nRSTOUT and nINT pins to be pulled
low.

If the fault is no longer present, the MCU can clear the bit by writing a '1' to the respective error-bit.
7.4.1.6 Overload Fault Detection

The short circuit current limit value for each voltage regulator sets the threshold for the over current protection
fault. The undervoltage threshold discussed in the Voltage Monitoring section sets the threshold for the
undervoltage fault. In the event that both an overcurrent fault and an undervoltage fault are detected, an
overload protection fault is generated. The overload protection fault detects an overload condition that does not
trigger the short to ground fault.

7.4.1.7 Loss-of-ground monitoring

The loss-of-ground detection circuit monitors the voltage difference between the ground for the analog circuitry
(Vacnp) and the ground for the digital circuitry (Vpgnp). If the difference is outside the defined range, i.e.,
| VacnD - Voenpl 2 [Viog TH] for a duration longer than the deglitch time t og peg, the device shuts down
all regulators and goes into the REST State or the WT_PWR_REC State (depending on the setting of the
STATE_TRANSITION bit), and forces the nRSTOUT and nINT pins to be pulled low.

If the fault is no longer present, the MCU can clear the bit by writing a '1' to the GND_LOSS_ERR_STATUS bit.
7.4.1.8 Temperature Monitoring and Regulator Current Limit

The device has temperature monitors near all regulators. Each monitor has a warning threshold and a hot
threshold with separate status bits assigned.

The BUCK1_WARM_ACK, BUCK2_WARM_ACK, BUCK3_WARM_ACK, or LDO_WARM_ACK status bit is
set to 1 when the temperature rises above a defined level, Twarm TH- The BUCKx WARM_MASK and
LDO_WARM_MASK bit determines the device behavior during an over-temperature event in the regulators.
If the corresponding  WARM_MASK bit is set to '0', the device pulls down the nINT pin to alert the external MCU
and transitions into the SAFE State .

The MCU must clear the bit by writing a '1' to the corresponding  WARM_ACK bit.

When the temperature rises above the critical level defined by Tsp rault TH, the device disables the
affected regulator and sets the BUCK1_HOT_STATUS, BUCK2 HOT_STATUS, BUCK3 HOT_STATUS, or
LDO_HOT_STATUS bit. An over-temperature condition in any step-down regulator triggers a device transition to
either the RESET State or the WT_PWR_REC State (depending on the setting of the STATE_TRANSITION bit)
and forces the nRSTOUT and nINT pins to be pulled low .
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If the fault is no longer present, the MCU can clear the bit by writing a '1' to the corresponding _ HOT_STATUS
bit.

7.4.1.9 Output Error Monitor on nRSTOUT pin

The error detection circuit for nRSTOUT pin compares the actual logic level on the nRSTOUT pin against the
intended logic level. The following occurs if a mismatch is detected between the two levels:

If NRSTOUT_ERR_RST_EN="0'then nRSTOUT_ERR_ACK is set and the device enters the SAFE state.
The MCU must clear the bit by writing a '1' to the corresponding nRSTOUT_ERR_ACK bit.

If NRSTOUT_ERR_RST_EN="1'then nRSTOUT_ERR_STATUS is set and the device enters either the RESET
State or the WT_PWR_REC State.

If the fault is no longer present, the MCU can clear the bit by writing a '1' to the nRSTOUT_ERR_STATUS bit.

A deglitch time (tpegLiTcH_READBACK) allows for the output to settle, before being analyzed.

nRSTOUT_FDBK | nRsTouT

/
nRSTOUT_ERR_STATUS {:ﬂeadback Deglitch i [( ‘
nRES

VIO VIO

In case of In case of
Priority 2 faults Push-Pull Open Drain
[

configuration onfiguration
OR g g

10 kQ

nRES ,J
See 5.4.1.2 Device State Controller .
and 5.4.1.3 Fault Handling

{ ]

nRSTOUT

for Fault-classification

Figure 7-8. nRSTOUT Diagram

7.4.1.10 Output Error Monitor on nINT pin

The error detection circuit for nINT pin compares the actual logic level on the nINT pin against the intended logic
level. The following occurs if a mismatch between the two levels is detected:

If nNINT_ERR_RST_EN='0"then nINT_ERR_ACK is set and the device enters the SAFE state.
The MCU must clear the bit by writing a '1' to the corresponding nINT_ERR_ACK bit.

If nINT_ERR_RST_EN="1'then nINT_ERR_STATUS is set, nRSTOUT pin is pulled low and the device enters
either the RESET State or the WT_PWR_REC State.

If the fault is no longer present, the MCU can clear the bit by writing a '1' to the nINT_ERR_STATUS bit.

A deglitch time (tpegLiTcH_READBACK) allows for the output to settle, before being analyzed.

Note

If a short on the nINT pin keeps the pin from going low, the MCU or device reading this pin is not able
to detect that a fault has occurred. Therefore, it is recommended that the MCU periodically poll the
register with the nINT_ERR_STATUS bit so that action can be taken if a mismatch occurs.

32 Submit Document Feedback Copyright © 2022 Texas Instruments Incorporated


https://www.ti.com
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLVSG12A&partnum=TPS650332-Q1

TI Confidential - NDA Restrictions

I3 TEXAS
INSTRUMENTS TPS650332-Q1
www.ti.com SLVSG12A — NOVEMBER 2021 — REVISED SEPTEMBER 2022
nINT_ERR_STATUS : nINT_IN |
| |
Y nINT_ouT vio  vio
nRES In case of In case of
Push-Pull Open Drain

configuration configuration

Priority 3 - Faults OR 4‘ ::-‘ 10 kQ

Priority 2 or 3 based on

x_RST_EN bits

See 5.4.1.2 Device State Controller nINT_OUT | J nINT
and 5.4.1.3 Fault Handling | i

for Fault-classification

7.4.1.11 Restart PMIC Command

Writing to the RESTART_CMD register re-starts the device by transitioning the device to the RESET state. After
the reset, the RESTART_CMD_STATUS bit is set, indicating the previous shutdown was due to restart command
from the MCU.

The MCU can clear this bit by writing a ‘1’ to the RESTART_CMD_STATUS bit.
7.4.1.12 Device Control Registers

Changes to the BUCK_LDO_CTRL and the GPIO_CTRL registers are protected by the CONTROL_LOCK
Register. Before changes can be made to these registers, the CONTROL_ACCESS_CMD of 0xDD must be
written to the CONTROL_LOCK Register to unlock the control registers. Once changes are complete, the
CONTROL_ACCESS_CMD of 0x00 must be written to the CONTROL_LOCK Register to lock the control
registers.

Note

Changes to these registers do not impact the Configuration CRC value stored in the CFG_REG_CRC
Reqgister.

7.4.1.13 Device Configuration Register Access Control

Write access to the device configuration registers is restricted via the CONFIG_LOCK register to avoid
inadvertent writes to the device configuration registers. By default, the CONFIG_ACCESS_CMD is set to the
write-access lock. The MCU must clear the lock before changing any device configuration registers. After the
device configuration registers have been set to their desired values, set the CONFIG_ACCESS_ CMD to the lock
state to prevent changes to the configuration registers.

7.4.1.14 CRC on Device Configuration Registers

The device configuration registers are protected by CRC. The CRC controller in this device performs a CRC
to verify the integrity of the configuration registers. If the MCU reconfigures the device configurations by
changing the configuration registers, the MCU must calculate expected checksum value and write it to the
CFG_REG_CRC register. The CRC controller calculates checksum value of the device that represents the
actual content of the configuration registers. The CRC controller then compares this checksum value against
what was written to the CFG_REG_CRC register by the MCU.

The CRC-protection is enabled by default. Prior to editing the configuration, the MCU must clear the
CONFIG_CRC_EN bit. To re-enable the CRC check, the MCU must set the CONFIG_CRC_EN control bit.
When enabled, the CRC controller continuously performs the CRC. The CRC controller detects a checksum
error when the internally calculated checksum value of the device is not equal to the checksum-value
in the CFG_REG_CRC register. If the CRC controller detects a checksum error, the devices sets the
CFG_REG_CRC_ERR_ACK bit and goes into the SAFE State .

When the CFG_REG_CRC_ERR _ACK flag is set to 1, it remains so, even after the MCU disables the
configuration CRC and reads out the CFG_REG_CRC_ERR_ACK flag. To exit the SAFE State . the MCU
must clear the bit by writing a '1' to the CFG_REG_CRC_ERR_ACK bit.
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The CRC controller uses a standard CRC-8 polynomial to calculate checksum-value, which is X8 + X2 + X1 + 1.
The CRC controller checks the CRC of these registers in a 8-bit string. The protected registers are as follows:

Table 7-1. CFG_CRC Register List

Register Relevant bits Byte #
LDO_GPIO_CFG 6:0 1
BUCK1_VOUT 4.0 2
BUCK1_UVLO 7:0 3
BUCK2_VOUT 4:0 4
BUCK3_VOUT 4:0 5
LDO_VOUT 4:0 6
DISCHARGE_SETTING 7:0 7
SEQ_TRIG_BUCK1 5:0 8
SEQ_TRIG_BUCK2 5:0 9
SEQ_TRIG_BUCKS3 5:0 10
SEQ_TRIG_LDO 5:0 11
SEQ_TRIG_nRSTOUT 6:0 12
SEQ_TRIG_GPIO 6:0 13
BUCK1_SEQ_DLY 7:0 14
BUCK2_SEQ_DLY 7:0 15
BUCK3_SEQ_DLY 7:0 16
LDO_SEQ_DLY 7:0 17
nRSTOUT_SEQ_DLY 7:0 18
GPIO_SEQ_DLY 7:0 19
INT_MASK_BUCKx_LDO 7:0 20
VMON_BUCK1_CFG 3:0 21
VMON_BUCK2_CFG 3:0 22
VMON_BUCK3_CFG 3:.0 23
VMON_LDO_CFG 3:0 24
ERR_BUCKx_LDO_CFG 7:0 25
INT_MASK_SAFETY 1:.0 26
PIN_MON_ERR_CFG 1:0 27

Irrelevant bits are padded with zeros.
7.4.1.15 CRC on Device NVM Contents

The device NVM registers are protected by CRC. The expected checksum value is stored in the device NVM.
The CRC controller in this device performs a CRC to verify the integrity of the NVM registers. The CRC controller
calculates checksum value of the device that represents the actual content of the NVM registers, and then
compares this checksum value against the stored checksum value in the device NVM.

The CRC controller detects a checksum error when the internally calculated checksum value of the device is
not equal to the checksum-value stored in the device NVM. If the CRC controller detects a checksum error, the
devices sets the NVM_CRC_ERR_STATUS bit and goes into the RESET State, which also forces the nRSTOUT
and nINT pins to be pulled low, or WT_PWR_REC State.

The MCU can clear the bit by writing a '1' to the NVM_CRC_ERR_STATUS bit.
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7.4.1.16 I2C Serial Interface

The interface adds flexibility to the power-supply solution, enabling most functions to be programmed to new
values depending on the instantaneous application requirements and status bits to be monitored. Register
contents remain intact as long as the VSYS voltage remains above the UVLO threshold. An internal oscillator
runs the I12C interface and is automatically enabled after an access to the interface.

The 7-bit device address for the PMIC is 110 0000b.

Attempting to read data from register addresses not listed in this section will result in 00h being read out.

Note

Since the voltage source for the SDA and SCL pull-up resistors can come from either an external
voltage source or from one of the PMIC voltage rails, it is recommended that a STOP command be
sent to the PMIC before actual transactions are generated. This will ensure that if by chance a false
start command was registered by the PMIC, that it be terminated before an actual command is issued.
If supplied by an external source, the external source must be present on or before the application of
VSYS in order to avoid a floating node on the SDA and SCL lines.

7.4.1.17 CRC on I2C Interface

The 12C-compatible synchronous serial interface provides access to the configurable functions and registers
on the device. This protocol uses a two-wire interface for bidirectional communications between the devices
connected to the bus. The two interface lines are the serial data line (SDA), and the serial clock line (SCL).
Every device on the bus is assigned a unique address and acts as either a controller or a target depending on
whether it generates or receives the serial clock SCL. The SCL and SDA lines must each have a pullup resistor
placed somewhere on the line and remain HIGH even when the bus is idle. The device supports standard mode
(100 kHz), fast mode (400 kHz), and fast mode plus (1 MHz) when VIO is 3.3 V or 1.8 V, and high-speed mode
(3.4 MHz) only when VIO is 1.8 V.

7.4.1.17.1 Data Validity

The data on the SDA line must be stable during the HIGH period of the clock signal (SCL). In other words, the
state of the data line can only be changed when clock signal is LOW.

|
|
|
scL |

|
|
|
SDA |
|
|
|

data data data data data
I change ! valid I change ! valid change
" allowed allowed allowed

Figure 7-9. Data Validity Diagram

7.4.1.17.2 Start and Stop Conditions

The device is controlled through an I2C-compatible interface. START and STOP conditions classify the beginning
and end of the 12C session. A START condition is defined as the SDA signal going from HIGH to LOW while the
SCL signal is HIGH. A STOP condition is defined as the SDA signal going from LOW to HIGH while the SCL
signal is HIGH. The I2C controller device device always generates the START and STOP conditions.
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Figure 7-10. Start and Stop Sequences

The 12C bus is considered busy after a START condition and free after a STOP condition. The 12C controller
device can generate repeated START conditions during data transmission. A START and a repeated START
condition are equivalent function-wise. Figure 7-11 shows the SDA and SCL signal timing for the 12C-compatible
bus. For timing values, see the Specification section.
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Figure 7-11. I2C-Compatible Timing

7.4.1.17.3 Transferring Data

Every byte put on the SDA line must be eight bits long, with the most significant bit (MSB) being transferred first.
Each byte of data has to be followed by an acknowledge bit. The acknowledge related clock pulse is generated
by the controller device. The controller device releases the SDA line (HIGH) during the acknowledge clock pulse.
The device pulls down the SDA line during the 9th clock pulse, signifying an acknowledge. The device generates
an acknowledge after each byte has been received.

There is one exception to the acknowledge after every byte rule. When the controller device is the receiver,
it must indicate to the transmitter an end of data by not-acknowledging (negative acknowledge) the last
byte clocked out of the target device. This negative acknowledge still includes the acknowledge clock pulse
(generated by the controller device), but the SDA line is not pulled down.

After the START condition, the bus controller device sends a chip address. This address is seven bits long
followed by an eighth bit which is a data direction bit (READ or WRITE). For the eighth bit, a O indicates a
WRITE and a 1 indicates a READ. The second byte selects the register to which the data is written. The third
byte contains data to write to the selected register. Figure 7-12 shows an example bit format of device address
110000-Bin = 60Hex.

MSB LSB
1 1 0 0 0 0 0 R/W
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
:< I*C Address (chip address) =:

Figure 7-12. Example Device Address
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In case the MCU attempts to write to a register-address that does not exist, the device sets the
[2C_INVALID_ADDR_ACK bit and pulls the nINT pin low, unless the [2C_INVALID_ADDR_MASK bit is
set. The MCU must clear this bit by writing a ‘1’ to the [2C_INVALID_ADDR_ACK bit. In case the
I2C_INVALID_ADDR_ACK bit is set, an address error still sets the 12C_INVALID_ADDR_ACK bit, but does
not pull the nINT pin low and the part remains in its current state.

For safety applications, the device supports read and write protocols with embedded CRC data fields. In a write
cycle, the 12C controller device (i.e. the MCU) must provide the 8-bit CRC value after sending the write data bits
and receiving the ACK from the target (i.e. the TPS650332-Q1 PMIC). The CRC value must be calculated from
every bit included in the write protocol except the ACK bits from the target. See CRC Calculation for 12C and SPI
Interface Protocols. In a read cycle, the I12C target must provide the 8-bit CRC value after sending the read data
bits and the ACK bit, and expect to receive the NACK from the controller at the end of the protocol. The CRC
value must be calculated from every bit included in the read protocol except the ACK and NACK bits. See CRC
Calculation for 12C and SPI Interface Protocols.

Note
If 2C CRC is enabled in the device and an 12C write without R_CRC bits is done, the device does not
process the write request. The device does not set any interrupt bit and does not pull the nINT pin low.

The embedded CRC field can be enabled or disabled from the protocol by setting the 12C_CRC_EN register bit
to '1' - enabled, '0' - disabled. The default of this bit is configurable through the NVM.

In case the calculated CRC-value does not match the received CRC-check-sum, an |2C-CRC-error is
detected, the 12C_CRC_ERR_ACK bit is set and pulls the nINT pin low, unless it is masked by the
[2C_CRC_ERR_MASK bit. The MCU must clear this bit by writing a ‘1’ to the 12C_CRC_ERR_ACK bit. In
case the [2C_CRC_ERR_MASK bit is set, the 12C_CRC_ERR_ACK bit is still set, but does not pull down the
nINT pin and the device remains in its current state.

S'I;ART ACK A?K S'II'OP

: ACK
X 12C_ID[7:1] ADDR[7:0] XIX WDATA[7:0] X: XSTOP
1
T o T
| |

Figure 7-13. 12C Write Cycle without CRC

STIART ACK ACK A(I.')K S'II'OP

|
X 12C_ID[7:1] ADDR7:0] XIX WDATA[7:0]
1

] T
| R_CRC[7:0] Xu XSTOP

The I2C controller device device (i.e. the MCU) provides R_CRC[7:0], which is calculated from the I12C_ID, R/W, ADDR, and the WDATA
bits (24 bits). See CRC Calculation for 12C and SPI Interface Protocols.

Figure 7-14. 12C Write Cycle with CRC
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When READ function is to be accomplished, a WRITE function must precede the READ function as shown above.

Figure 7-15. 12C Read Cycle without CRC
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The I12C target device (i.e. the TPS650332-Q1) provides T_CRC[7:0], which is calculated from the 12C_ID, R/W, ADDR, 12C_ID, R/W,
and the RDATA bits (32 bits). See CRC Calculation for I2C and SPI Interface Protocols.

Figure 7-16. 12C READ Cycle with CRC

7.4.1.17.4 Auto-Increment Feature

The auto-increment feature allows writing several consecutive registers within one transmission. Every time an
8-bit word is sent to the device, the internal address index counter is incremented by one and the next register is
written. Table 7-2 lists the writing sequence to two consecutive registers. Note that auto increment feature does
not support CRC protocol.

Table 7-2. Auto-Increment Example

DEVICE
ACTION START |ADDRESS=| WRITE REL SIES DATA DATA sToP
ADDRESS
0x60
PMIC device ACK ACK ACK ACK

7.4.1.18 I°C CRC Calculations
7.4.1.18.1 CRC Calculation for the 12C Protocol

For safety applications, the TPS650332-Q1device supports read and write protocols with embedded CRC data
fields. Both the master and slave devices use a standard CRC-8 polynomial to calculate the checksum value: X8
+ X2 + X + 1.The CRC algorithm details are as follows:

* Initial value for the remainder is all 1s.

* Big-endian bit stream order

* Result inversion is enabled.

The TPS650332-Q1 device uses this polynomial to calculate the checksum value on every bit except the ACK
and NACK bits it receives from the MCU during a write protocol. The device compares this calculated checksum
with the MCRC checksum value which the device receives from the MCU. The device also uses this polynomial
to calculate the SCRC checksum value based on every bit except the ACK and NACK bits which the device
transmits to the MCU during a read protocol. The master device (MCU) must use this same polynomial to
calculate the checksum value based on the bits which the MCU receives from the device. The MCU must
compare this calculated checksum with the SCRC checksum value which it receives from the device.
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Figure 7-17 and Figure 7-18 show the calculation of a 4-bit MCRC and the SCRC (respectively).

16-bit bus ordering value:
15

(CMD[7]XCMD[8]XCMD[5]XCMD[4]XCMD[S]XCMD[Z]XCMDH ]XCMD[O]XDATA[7XDATA[GXDATA[5XDATA[4XDATA[3XDATA[2XDATA[1XDATA[O)

Flip-Flop the Preload Value
_- (Seed Value)
a bp—Ya pbHa bHa DbHa bHa D Ha o a D
< < < < < < < <
Flip Flop Flip Flop Flip Flop Flip Flop Flip Flop Flip Flop Flip Flop Flip Flop

MCRC[3]  MCRC[2] MCRC[1] MCRC[0]

Figure 7-17. Calculation of 4-Bit Master CRC (MCRC) Output

0

16-bit bus ordering value:

<STAT[7]XSTAT[6] STAT[5] STAT[4]XSTAT[3])<STAT[2]XSTAT[1XSTAT[O]X R[7] X RI6] X R5] X R[4] X R(3] X R[2] X RI1] X R[0] )

Flip-Flop the Preload Value
_____ (Seed Value)
a bp—Ya bo4a bHa DbHa bHa D Ha o Ha o
< < < < < < < <
Flip Flop Flip Flop Flip Flop Flip Flop Flip Flop Flip Flop Flip Flop Flip Flop

SCRC[3] SCRC[2] SCRC[1] SCRCI0]

Figure 7-18. Calculation of 4-Bit Slave CRC (SCRC) Input
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7.5 Device Functional Modes

Consult the Technical Reference Manual (TRM) for the specific part number to see the device configuration and
Power Sequence Diagram.

7.5.1 Power-Up Sequence

The power-up sequence is controlled by the configuration of the Sequence Trigger registers and the Sequence
Delay registers.

7.5.2 Power-Down Sequence

To ensure that all rails discharge, the device waits until the outputs discharge below 0.3 V before a new
power-up sequence can be initiated.

7.5.3 Power Sequence Diagram

The Power Sequence Diagram shown below is for the default setting of the device populated on the TI
EVM. This default setting matches the settings shown in the Register Map section of this document. Consult
the Technical Reference Manual (TRM) for a particular part number to see the specific settings and Power
Sequence Diagram for that particular part number.

Note

The times shown in the timing diagrams reflect the time programmed in the xxx_SEQ_DLY registers.
The programmed times have a +10% tolerance. When measured in the application, the Start Time
(tstarT) for the BUCKs and the LDO are added to the programmed sequence delay times. The
time it takes to run ABIST also adds to the measured sequence delay times. Running ABIST takes
approximately 100us to 300us per voltage rail.
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time)
PWR_ON Bit EEPROM Option — Default set to a logic one
' ¢ 0-5ms
>
i Delay
> < 480us | E?QT;V
BUCK1 b ‘
3.3V e A\
| 5ms
—> < Delay 4.0ms
! Delay <
BUCK2 > < 480us
1.8V | \
VIO
(same as
BUCK2)
4.0ms
Delay «
SEQ/GPIO
(connected
to VREG)
8ms
> |~ Delay 3ms
- Delay
BUGK3 = 480 us
1.2V e \
| 14ms
> | < Delay 2ms
LDO Lo Delay
2.8V > /i« 150 us

Refer to State Diagram
\ (assumes no errors)

>

nRSTOUT

16ms
Delay

NOTE: Power Up sequence is based on
SEQ and/or GPIO

Refer to State Diagram
(assumes no faults -
goes low as a result of
<« VIO going away)

1ms

Delay

NOTE: Power Down sequence is the reverse
order of the Power Up sequence.

Figure 7-19. Power Sequence
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7.6 Register Map
7.6.1 User Registers

Note

The Reset value that is shown for one or more register bits in the Register Map does not necessarily
reflect the value programmed at the factory. Consult the TRM (Technical Reference Manual) for the
specific device part number to see the actual default settings programmed at the factory.
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7.6.1.1 TPS650332_Map Registers

Table 7-3 lists the memory-mapped registers for the TPS650332_Map registers. All register offset addresses not
listed in Table 7-3 should be considered as reserved locations and the register contents should not be modified.

Table 7-3. TPS650332_MAP Registers

Address Acronym Register Name Section
Oh PID Product ID Go
1h RID Revision ID Go
2h CONTROL_LOCK Control Lock/Unlock Command Register Go
3h BUCK_LDO_CTRL Enable Register Go
4h GPIO_CTRL GPIO Settings Go
5h CONFIG_LOCK Configuration Lock/Unlock Command Go

Register
6h LDO_GPIO_CFG LDO Control Register Go
7h BUCK1_VOUT BUCK1 Output Voltage Settings Go
8h BUCK1_UVLO BUCK1 Input Voltage UVLO Go
9h BUCK2_VOUT BUCK2 Output Voltage Settings Go
Ah BUCK3_VOUT BUCKS Output Voltage Settings Go
Bh LDO_VOUT LDO Output Voltage Settings Go
Ch DISCHARGE_SETTING Discharge Setting Control Register Go
Dh SEQ_TRIG_BUCK1 BUCK1 Sequencer Assignments Go
Eh SEQ_TRIG_BUCK2 BUCK2 Sequencer Assignments Go
Fh SEQ_TRIG_BUCK3 BUCKS3 Sequencer Assignments Go
10h SEQ_TRIG_LDO LDO Sequencer Assignments Go
11h SEQ_TRIG_nRSTOUT BUCK1 and BUCK2 Sequencer Assignments Go
12h SEQ_TRIG_GPIO BUCK1 and BUCK2 Sequencer Assignments Go
13h BUCK1_SEQ_DLY BUCK1 Sequence Delay Go
14h BUCK2_SEQ_DLY BUCK2 Sequence Delay Go
15h BUCK3_SEQ_DLY BUCKS3 Sequence Delay Go
16h LDO_SEQ_DLY LDO Sequence Delay Go
17h nRSTOUT_SEQ_DLY nRSTOUT Sequence Delay Go
18h GPIO_SEQ_DLY GPIO Sequence Delay Go
19h INT_ACK Interrupt Acknowledge Global Register Go
1Ah INT_ACK_BUCK1 Interrupt Acknowledge BUCK1 Register Go
1Bh INT_ACK_BUCK2 Interrupt Acknowledge BUCK2 Register Go
1Ch INT_ACK_BUCK3 Interrupt Acknowledge BUCK3 Register Go
1Dh INT_ACK_LDO Interrupt Acknowledge LDO Register Go
1Eh INT_MASK_BUCKx_LDO BUCK1 Mask Register to Enable or Disable Go
Interrupt Sources
1Fh FAULT_STATUS_BUCK1 BUCK1 Fault Status Register Go
20h FAULT_STATUS_BUCK?2 BUCK2 Fault Status Register Go
21h FAULT_STATUS_BUCK3 BUCKS3 Fault Status Register Go
22h FAULT_STATUS_LDO LDO Fault Status Register Go
23h VMON_BUCK1_CFG BUCK1 Voltage Monitor Configuration Go
Register
24h VMON_BUCK2_CFG BUCK2 Voltage Monitor Configuration Go
Register
25h VMON_BUCK3_CFG BUCKS3 Voltage Monitor Configuration Go
Register
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Table 7-3. TPS650332_MAP Registers (continued)

Address Acronym Register Name Section
26h VMON_LDO_CFG LDO Voltage Monitor Configuration Register Go
27h ERR_BUCKx_LDO_CFG BUCK1 Mask Register to Enable or Disable Go

Interrupt Sources
28h RESTART_CMD Re-Start Command Register Go
29h CFG_REG_CRC Configuration Register for CRC Go
2Ah DEV_STAT Device Status Register 1 Go
2Bh DEV_ERR_ACK_1 Device Error Acknowledge_ 1 Register Go
2Ch DEV_ERR_ACK_2 System Error Acknowledge Register Go
2Dh DEV_FAULT_STATUS_1 Internal Supply Acknowledge Register Go
2Eh DEV_FAULT_STATUS_2 Internal Supply Acknowledge Register Go
2Fh INT_MASK_SAFETY Interrupt Mask Safety Go
30h PIN_MON_ERR_CFG BUCK1 Mask Register to Enable or Disable Go
Interrupt Sources
31h ABIST_GROUP_DONE ABIST Status Register Go
32h ABIST_BUCK1_2_ACK ABIST BUCK1 and BUCK2 Error Go
Acknowledge Register
33h ABIST_LDO_BUCK3_ACK ABIST BUCKS3 and LDO Error Acknowledge Go
Register
34h ABIST_SYSTEM_ACK ABIST System Error Acknowledge Register Go
35h ABIST_RUN_CMD EEPROM Program Command Register Go
36h POWER_GOOD_STATUS Voltage Regulator Power Good Status Go
4Ah EEPROM_PROG_CMD EEPROM Program Command Register Go

Complex bit access types are encoded to fit into small table cells. Table 7-4 shows the codes that are used for
access types in this section.

Table 7-4. TPS650332_Map Access Type Codes

Access Type ‘Code ‘Description
Read Type

R ‘ R ‘ Read

Write Type

W w Write

w1C w Write

1C 1 to clear

WSelfCIrF w Write

Reset or Default Value

-n

value

Value after reset or the default
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7.6.1.1.1 PID Register (Address = 0h) [Reset = D0h]
Return to the Summary Table.

Initialization source: POR

Figure 7-20. PID Register

7 6 5 4

3 2

PID

R-DOh

Table 7-5. PID Register Field Descriptions

Bit Field Type Reset

Description

7-0 PID R DOh

Product ID: TPS65033200 (0xDO)
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7.6.1.1.2 RID Register (Address = 1h) [Reset = 09h]

Return to the Summary Table.

Initialization source: POR

Figure 7-21. RID Register

4

3

NVM_Version

Die_Revision

R/W-0h

R-9h

Table 7-6. RID Register Field Descriptions

Bit

Field

Type

Reset

Description

7-4

NVM_Version

R/W

Oh

NVM Revision
Oh=A
1h=B
2h=C
3h=D

3-0

Die_Revision

9h

Die Revision (PG X.Y where X = major revision and Y = minor

revision)

4h=PG 1.0
5h=PG 1.1
8h =PG 2.0
9h =PG 2.1
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7.6.1.1.3 CONTROL_LOCK Register (Address = 2h) [Reset = 00h]

Return to th

e Summary Table.

Initialization source: POR, RESET STATE
Figure 7-22. CONTROL_LOCK Register

7 6 5 4 3 2 1 0
CONTROL_ACCESS_CMD
R-0h
Table 7-7. CONTROL_LOCK Register Field Descriptions
Bit Field Type Reset Description
7-0 CONTROL_ACCESS_CM |R Oh Write to this register to either lock or unlock the control registers. A
D readback of this register results in '0x00'".

Oh = Locks the Control Registers
DDh = Unlocks the Control Registers
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7.6.1.1.4 BUCK_LDO_CTRL Register (Address = 3h) [Reset = 1Fh]

Return to the Summary Table.

Initialization source: POR, RESET STATE

Protection Access: CTRL_LOCK

Figure 7-23. BUCK_LDO_CTRL Register

7 6 5 4 3 2 1 0
RESERVED ENABLE_SPRE| ENABLE_BUC | ENABLE_BUC | ENABLE_BUC | ENABLE_LDO
AD_SPECTRU K3 K2 K1
M
R-0h R/W-1h R/W-1h R/W-1h R/W-1h R/W-1h
Table 7-8. BUCK_LDO_CTRL Register Field Descriptions
Bit Field Type Reset Description
7-5 RESERVED R Oh
4 ENABLE_SPREAD_SPEC |R/W 1h Spread Spectrum Enable
TRUM Oh = Disabled
1h = Enabled
3 ENABLE_BUCKS3 R/W 1h BUCKS3 enable bit
Oh = Disabled
1h = Enabled
2 ENABLE_BUCK2 R/W 1h BUCK2 enable bit
Oh = Disabled
1h = Enabled
1 ENABLE_BUCK1 R/W 1h BUCK1 enable bit
Oh = Disabled
1h = Enabled
0 ENABLE_LDO R/W 1h LDO enable bit
Oh = Disabled
1h = Enabled
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7.6.1.1.5 GPIO_CTRL Register (Address = 4h) [Reset = 1Fh]

Return to the Summary Table.

Initialization source: POR, RESET STATE

Protection Access: CTRL_LOCK

Figure 7-24. GPIO_CTRL Register

7 6 5 4 3 2 1 0
RESERVED LDO_PREBIAS | WARM_THR_S | CONFIG_CRC_ PWR_ON GPIO_STATE
_CTRL TARTUP_CTRL EN
R-0h R/W-1h R/W-1h R/W-1h R/W-1h R/W-1h
Table 7-9. GPIO_CTRL Register Field Descriptions
Bit Field Type Reset Description
7-5 RESERVED R Oh
4 LDO_PREBIAS_CTRL R/W 1h LDO Pre Bias Control
Oh = Allows the device to power up even if the voltage on the
LDO output is above the Short Circuit to Ground threshold. All other
outputs must still be below the Short Circuit to Ground threshold.
1h = The device remains in the RESET state until the voltage on all
outputs are below the Short Circuit to Ground threshold.
3 WARM_THR_STARTUP_ |R/W 1h WARM_THR_STARTUP_CTRL
CTRL Oh = Device powers up if temperature is above the Warm Threshold
setting but below the Over Temperature setting
1h = Device does not power up until the temperature is below the
Warm Threshold setting
2 CONFIG_CRC_EN R/W 1h Config CRC Enable
Oh = Disabled
1h = Enabled
1 PWR_ON R/W 1h Power up/down control
Oh = Device powers off
1h = Device powers on
0 GPIO_STATE R/W 1h If configured as an output, this bit enables the GPIO function and
also controls the state of the GPIO pin.
Oh = The GPIO function is disabled. The output state is 'low".
1h = The GPIO function is enabled. The output state is 'high'.
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7.6.1.1.6 CONFIG_LOCK Register (Address = 5h) [Reset = 00h]
Return to the Summary Table.
Initialization source: POR, RESET STATE
Figure 7-25. CONFIG_LOCK Register
7 6 5 4 3 2 1 0
CONFIG_ACCESS_CMD
R-Oh
Table 7-10. CONFIG_LOCK Register Field Descriptions
Bit Field Type Reset Description
7-0 CONFIG_ACCESS_CMD |R Oh Write to this register to either lock or unlock the configuration
registers. A readback of this register results in '0x00'.
Oh = Locks the Configuration Registers
AAh = Unlocks the Configuration Registers
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7.6.1.1.7 LDO_GPIO_CFG Register (Address = 6h) [Reset = 1Dh]

Return to the Summary Table.

Initialization source: POR, RESET STATE

Protection Access: CFG_LOCK
CFG_CRC: YES

Figure 7-26. LDO_GPIO_CFG Register

7 6 5 4 3 2 1 0
RESERVED | STATE_TRANS | TWARN_LEVE | nRSTOUT_PIN | nINT_PIN_CON | GPIO_DIR_CO | LDO_BYP_EN LDO_IoUT
ITION L _CONFIG FIG NFIG
R-0h R/W-0h R/W-0h R/W-1h R/W-1h R/W-1h R/W-0h R/W-1h
Table 7-11. LDO_GPIO_CFG Register Field Descriptions
Bit Field Type Reset Description
RESERVED R Oh
STATE_TRANSITION R/W Oh State Transition for Priority 2 Faults
Oh = Priority 2 Faults transition to the RESET state
1h = Priority 2 Faults transition to the WAIT_PWR_CYCLE state
5 TWARN_LEVEL R/W Oh Die Temperature Warning Level
Oh = Temperature Warning Level is set to 120 deg C
1h = Temperature Warning Level is set to 130 deg C
4 nRSTOUT_PIN_CONFIG |R/W 1h nRSTOUT PIN Configuration
Oh = Open-Drain
1h = Push-Pull
3 nINT_PIN_CONFIG R/W 1h nINT PIN Configuration
Oh = Open-Drain
1h = Push-Pull
2 GPIO_DIR_CONFIG R/W 1h GPIO Pin Configuration
Oh = Configured as an output
1h = Configured as an input
1 LDO_BYP_EN R/W Oh LDO bypass enable bit:
Oh = LDO operation
1h = Bypass Mode operation (Load Switch Operation)
0 LDO_IOUT R/W 1h LDO Current Limit:
Oh = 200mA
1h =400mA
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7.6.1.1.8 BUCK1_VOUT Register (Address = 7h) [Reset = 10h]
Return to the Summary Table.

Initialization source: POR, RESET STATE
Protection Access : CFG_LOCK
CFG_CRC:YES

Figure 7-27. BUCK1_VOUT Register

6 5 4 3 2

RESERVED BUCK1_VOUT

R-0h R/W-10h

Table 7-12. BUCK1_VOUT Register Field Descriptions

Bit

Field

Type Reset Description

7-5

RESERVED R Oh

4-0

BUCK1_VOUT R/W 10h The output voltage range is from 2.5V to 4.0V in increments of

50mV:

Oh = 2.50V
1h =2.55V
2h =2.60V
3h =2.65V
4h =2.70V
5h =2.75V
6h = 2.80V
7h =2.85V
8h =2.90V
9h =2.95V
Ah = 3.00V
Bh =3.05V
Ch =3.10V
Dh =3.15V
Eh = 3.20V
Fh =3.25V
10h = 3.30V
11h = 3.35V
12h = 3.40V
13h = 3.45V
14h = 3.50V
15h = 3.55V
16h = 3.60V
17h = 3.65V
18h = 3.70V
19h = 3.75V
1Ah = 3.80V
1Bh = 3.85V
1Ch =3.90V
1Dh = 3.95V
1Eh = 4.00V
1Fh = 4.00V
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7.6.1.1.9 BUCK1_UVLO Register (Address = 8h) [Reset = 12h]
Return to the Summary Table.

Initialization source: POR, RESET STATE
Protection Access : CFG_LOCK

CFG_CRC: YES

Figure 7-28. BUCK1_UVLO Register

6 5 4 3 2 1 0

BUCK1_UVLO_Falling BUCK1_UVLO_Rising

R/W-1h R/W-2h

Table 7-13. BUCK1_UVLO Register Field Descriptions

Bit

Field

Type Reset Description

7-4

BUCK1_UVLO_Falling R/W 1h The PVIN_B1 pin UVLO falling voltage setting is programmable

based on the input voltage requirement (the values shown have a
+/-10% tolerance):
Oh = 3.5V
1h=4.0V

2h =4.5V

3h =5.0V

4h = 5.5V

5h = 6.0V

6h = 6.5V
7h=7.0V

8h =7.5V

9h = 8.0V

Ah = 8.5V

Bh =9.0V
Ch=9.0V

Dh = 9.0V

Eh =9.0V
Fh=9.0v

3-0

BUCK1_UVLO_Rising R/W 2h The PVIN_B1 pin UVLO rising voltage setting is programmable

based on the input voltage requirement (the values shown have a
+/-10% tolerance):
Oh = 3.64V
1h=4.16V

2h =4.68V

3h =5.20V

4h =5.72V

5h = 6.24V

6h =6.76V

7h =7.28V

8h =7.80V

9h = 8.32V

Ah = 8.84V

Bh =9.36V

Ch =9.36V

Dh =9.36V

Eh =9.36V

Fh =9.36V
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7.6.1.1.10 BUCK2_VOUT Register (Address = 9h) [Reset = 1Dh]
Return to the Summary Table.

Initialization source: POR, RESET STATE
Protection Access : CFG_LOCK
CFG_CRC:YES

Figure 7-29. BUCK2_VOUT Register

Oh =0.9v

1h =0.95V
2h =1.000V
3h =1.025V
4h = 1.050V
5h =1.075V
6h =1.100V
7h =1.125V
8h =1.150V
9h =1.175V
Ah = 1.200V
Bh =1.225V
Ch = 1.250V
Dh =1.275V
Eh = 1.300V
Fh =1.325V
10h = 1.350V
11h =1.375V
12h = 1.400V
13h = 1.425V
14h = 1.450V
15h = 1.475V
16h = 1.500V
17h = 1.525V
18h = 1.550V
19h = 1.575V
1Ah = 1.600V
1Bh =1.700V
1Ch = 1.750V
1Dh = 1.800V
1Eh = 1.850V
1Fh = 1.900V

7 6 5 4 3 2 1 0
RESERVED BUCK2_VOUT
R-0Oh R/W-1Dh
Table 7-14. BUCK2_VOUT Register Field Descriptions
Bit Field Type Reset Description
7-5 RESERVED R Oh
4-0 BUCK2_VOUT R/W 1Dh The output voltage range is from 0.9V to 1.9V:
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7.6.1.1.11 BUCK3_VOUT Register (Address = Ah) [Reset = 0Ah]
Return to the Summary Table.

Initialization source: POR, RESET STATE
Protection Access : CFG_LOCK
CFG_CRC:YES

Figure 7-30. BUCK3_VOUT Register

Oh =0.9v

1h =0.95V
2h =1.000V
3h =1.025V
4h = 1.050V
5h =1.075V
6h =1.100V
7h =1.125V
8h =1.150V
9h =1.175V
Ah = 1.200V
Bh =1.225V
Ch = 1.250V
Dh =1.275V
Eh = 1.300V
Fh =1.325V
10h = 1.350V
11h =1.375V
12h = 1.400V
13h = 1.425V
14h = 1.450V
15h = 1.475V
16h = 1.500V
17h = 1.525V
18h = 1.550V
19h = 1.575V
1Ah = 1.600V
1Bh =1.700V
1Ch = 1.750V
1Dh = 1.800V
1Eh = 1.850V
1Fh = 1.900V

7 6 5 4 3 2 1 0
RESERVED BUCK3_VOUT
R-0Oh R/W-Ah
Table 7-15. BUCK3_VOUT Register Field Descriptions
Bit Field Type Reset Description
7-5 RESERVED R Oh
4-0 BUCK3_VOUT R/W Ah The output voltage range is from 0.9V to 1.9V :
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7.6.1.1.12 LDO_VOUT Register (Address = Bh) [Reset = 0Eh]
Return to the Summary Table.

Initialization source: POR, RESET STATE
Protection Access : CFG_LOCK
CFG_CRC:YES

Figure 7-31. LDO_VOUT Register
7 6 5 4 3 2 1 0
RESERVED LDO_VOUT

R-0h R/W-Eh

Table 7-16. LDO_VOUT Register Field Descriptions
Bit Field Type Reset Description
7-5 RESERVED R Oh

4-0 LDO_VOUT R/W Eh The output voltage range is from 1.8V to 3.3V:
Oh =1.800V
1h = 1.825V
2h =2.500V
3h =2.525V
4h =2.550V
5h =2.575V
6h = 2.600V
7h =2.625V
8h = 2.650V
9h =2.675V
Ah =2.700V
Bh =2.725V
Ch =2.750V
Dh =2.775V
Eh = 2.800V
Fh =2.825V
10h = 2.850V
11h = 2.875V
12h = 2.900V
13h = 2.925V
14h = 2.950V
15h = 2.975V
16h = 3.000V
17h = 3.025V
18h = 3.050V
19h = 3.075V
1Ah = 3.100V
1Bh = 3.125V
1Ch = 3.150V
1Dh = 3.175V
1Eh = 3.200V
1Fh = 3.300V
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7.6.1.1.13 DISCHARGE_SETTING Register (Address = Ch) [Reset = 55h]

Return to the Summary Table.

Initialization source: POR, RESET STATE

Protection Access : CFG_LOCK
CFG_CRC: YES

Figure 7-32. DISCHARGE_SETTING Register

7 6 5

4

3 2 1 0

BUCKS3_Discharge_Control

BUCK2_Discharge_Control

BUCK1_Discharge_Control LDO_Discharge_Control

R/W-1h

R/W-1h

R/W-1h R/W-1h

Table 7-17. DISCHARGE_SETTING Register Field Descriptions

Bit Field Type

Reset

Description

7-6 BUCKS3_Discharge_Contr |R/W

ol

1h

BUCKS3 Discharge Control
Oh = No Discharge
1h=125Q

2h =250 Q

3h =500 Q

5-4 BUCK2_Discharge_Contr |R/W

ol

1h

BUCK?2 Discharge Control
Oh = No Discharge
1h=125Q

2h =250 Q

3h =500 Q

3-2 BUCK1_Discharge_Contr |R/W

ol

1h

BUCK1 Discharge Control
Oh = No Discharge
1h=125Q

2h =250 Q

3h =500 Q

LDO_Discharge_Control |R/W

1h

LDO Discharge Control
Oh =50K Q
1h=125Q
2h =250 Q
3h =500 Q
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7.6.1.1.14 SEQ_TRIG_BUCK?1 Register (Address = Dh) [Reset = 1Eh]
Return to the Summary Table.

Initialization source: POR, RESET STATE
Protection Access : CFG_LOCK
CFG_CRC:YES

Figure 7-33. SEQ_TRIG_BUCK1 Register

7 6 5 4 3 2 1 0
RESERVED PWR_ON_bit B| LDO_PG_BUC | BUCK3_PG_B | BUCK2_PG_B | GPIO_PIN_BU | SEQ_PIN_BUC
UCK1 K1 UCKA1 UCK1 CKA1 K1
R-0h R/W-0h R/W-1h R/W-1h R/W-1h R/W-1h R/W-0h
Table 7-18. SEQ_TRIG_BUCK1 Register Field Descriptions

Bit Field Type Reset Description
7-6 RESERVED R Oh
5 PWR_ON_bit_BUCK1 R/W Oh BUCKT1 Sequence Trigger On/Off

Oh = Included as part of the power ON/OFF sequence logic

1h = Not included as part of the power ON/OFF sequence logic
4 LDO_PG_BUCK1 R/W 1h BUCK1 Sequence Trigger On/Off

Oh = Included as part of the power ON/OFF sequence logic

1h = Not included as part of the power ON/OFF sequence logic
3 BUCK3_PG_BUCK1 R/W 1h BUCK1 Sequence Trigger On/Off

Oh = Included as part of the power ON/OFF sequence logic

1h = Not included as part of the power ON/OFF sequence logic
2 BUCK2_PG_BUCK1 R/W 1h BUCK1 Sequence Trigger On/Off

Oh = Included as part of the power ON/OFF sequence logic

1h = Not included as part of the power ON/OFF sequence logic
1 GPIO_PIN_BUCK1 R/W 1h BUCK1 Sequence Trigger On/Off

Oh = Included as part of the power ON/OFF sequence logic

1h = Not included as part of the power ON/OFF sequence logic
0 SEQ_PIN_BUCK1 R/W Oh BUCK1 Sequence Trigger On/Off

Oh = Included as part of the power ON/OFF sequence logic

1h = Not included as part of the power ON/OFF sequence logic
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7.6.1.1.15 SEQ_TRIG_BUCK2 Register (Address = Eh) [Reset = 1Eh]
Return to the Summary Table.

Initialization source: POR, RESET STATE
Protection Access : CFG_LOCK
CFG_CRC:YES

Figure 7-34. SEQ_TRIG_BUCK2 Register

7 6 5 4 3 2 1 0
RESERVED PWR_ON_bit B| LDO_PG_BUC | BUCK3_PG_B | BUCK1_PG_B | GPIO_PIN_BU | SEQ_PIN_BUC
UCK2 K2 UCK2 UCK2 CK2 K2
R-0h R/W-0h R/W-1h R/W-1h R/W-1h R/W-1h R/W-0h
Table 7-19. SEQ_TRIG_BUCK2 Register Field Descriptions
Bit Field Type Reset Description
7-6 RESERVED R Oh
5 PWR_ON_bit BUCK2 R/W Oh BUCK2 Sequence Trigger On/Off
Oh = Included as part of the power ON/OFF sequence logic
1h = Not included as part of the power ON/OFF sequence logic
4 LDO_PG_BUCK2 R/W 1h BUCK2 Sequence Trigger On/Off
Oh = Included as part of the power ON/OFF sequence logic
1h = Not included as part of the power ON/OFF sequence logic
3 BUCK3_PG_BUCK2 R/W 1h BUCK2 Sequence Trigger On/Off
Oh = Included as part of the power ON/OFF sequence logic
1h = Not included as part of the power ON/OFF sequence logic
2 BUCK1_PG_BUCK2 R/W 1h BUCK2 Sequence Trigger On/Off
Oh = Included as part of the power ON/OFF sequence logic
1h = Not included as part of the power ON/OFF sequence logic
1 GPIO_PIN_BUCK2 R/W 1h BUCK2 Sequence Trigger On/Off
Oh = Included as part of the power ON/OFF sequence logic
1h = Not included as part of the power ON/OFF sequence logic
0 SEQ_PIN_BUCK2 R/W Oh BUCK2 Sequence Trigger On/Off
Oh = Included as part of the power ON/OFF sequence logic
1h = Not included as part of the power ON/OFF sequence logic
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7.6.1.1.16 SEQ_TRIG_BUCKS3 Register (Address = Fh) [Reset = 1Ch]
Return to the Summary Table.

Initialization source: POR, RESET STATE
Protection Access : CFG_LOCK
CFG_CRC:YES

Figure 7-35. SEQ_TRIG_BUCKS3 Register

7 6 5 4 3 2 1 0
RESERVED PWR_ON_bit B| LDO_PG_BUC | BUCK2_PG_B | BUCK1_PG_B | GPIO_PIN_BU | SEQ_PIN_BUC
UCK3 K3 UCK3 UCK3 CK3 K3
R-0h R/W-0h R/W-1h R/W-1h R/W-1h R/W-0h R/W-0h
Table 7-20. SEQ_TRIG_BUCKS Register Field Descriptions
Bit Field Type Reset Description
7-6 RESERVED R Oh
5 PWR_ON_bit BUCK3 R/W Oh BUCKS Sequence Trigger On/Off
Oh = Included as part of the power ON/OFF sequence logic
1h = Not included as part of the power ON/OFF sequence logic
4 LDO_PG_BUCK3 R/W 1h BUCKS3 Sequence Trigger On/Off
Oh = Included as part of the power ON/OFF sequence logic
1h = Not included as part of the power ON/OFF sequence logic
3 BUCK2_PG_BUCK3 R/W 1h BUCKS3 Sequence Trigger On/Off
Oh = Included as part of the power ON/OFF sequence logic
1h = Not included as part of the power ON/OFF sequence logic
2 BUCK1_PG_BUCK3 R/W 1h BUCKS Sequence Trigger On/Off
Oh = Included as part of the power ON/OFF sequence logic
1h = Not included as part of the power ON/OFF sequence logic
1 GPIO_PIN_BUCK3 R/W Oh BUCKS3 Sequence Trigger On/Off
Oh = Included as part of the power ON/OFF sequence logic
1h = Not included as part of the power ON/OFF sequence logic
0 SEQ_PIN_BUCK3 R/W Oh BUCKS3 Sequence Trigger On/Off
Oh = Included as part of the power ON/OFF sequence logic
1h = Not included as part of the power ON/OFF sequence logic
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7.6.1.1.17 SEQ_TRIG_LDO Register (Address = 10h) [Reset = 1Ch]

Return to the Summary Table.

Initialization source: POR, RESET STATE

Protection Access : CFG_LOCK
CFG_CRC: YES

Figure 7-36. SEQ_TRIG_LDO Register

7 6 5 4 3 2 1 0
RESERVED PWR_ON_bit_L |BUCK3_PG_LD|BUCK2_PG_LD|BUCK1_PG_LD| GPIO_PIN_LD | SEQ_PIN_LDO
DO (0] (0] (0] (0]
R-0h R/W-0h R/W-1h R/W-1h R/W-1h R/W-0h R/W-0h
Table 7-21. SEQ_TRIG_LDO Register Field Descriptions
Bit Field Type Reset Description
7-6 RESERVED R Oh
5 PWR_ON_bit_LDO R/W Oh LDO Sequence Trigger On/Off
Oh = Included as part of the power ON/OFF sequence logic
1h = Not included as part of the power ON/OFF sequence logic
4 BUCK3_PG_LDO R/W 1h LDO Sequence Trigger On/Off
Oh = Included as part of the power ON/OFF sequence logic
1h = Not included as part of the power ON/OFF sequence logic
3 BUCK2_PG_LDO R/W 1h LDO Sequence Trigger On/Off
Oh = Included as part of the power ON/OFF sequence logic
1h = Not included as part of the power ON/OFF sequence logic
2 BUCK1_PG_LDO R/W 1h LDO Sequence Trigger On/Off
Oh = Included as part of the power ON/OFF sequence logic
1h = Not included as part of the power ON/OFF sequence logic
1 GPIO_PIN_LDO R/W Oh LDO Sequence Trigger On/Off
Oh = Included as part of the power ON/OFF sequence logic
1h = Not included as part of the power ON/OFF sequence logic
0 SEQ_PIN_LDO R/W Oh LDO Sequence Trigger On/Off
Oh = Included as part of the power ON/OFF sequence logic
1h = Not included as part of the power ON/OFF sequence logic
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7.6.1.1.18 SEQ_TRIG_nRSTOUT Register (Address = 11h) [Reset = 3Eh]
Return to the Summary Table.
Initialization source: POR, RESET STATE
Protection Access : CFG_LOCK
CFG_CRC : YES
Figure 7-37. SEQ_TRIG_nRSTOUT Register
7 6 5 4 3 2 1 0
RESERVED |PWR_ON_bit_ n|LDO_PG_nRST|BUCK3_PG_nR|BUCK2_PG_nR|BUCK1_PG_nR| GPIO_PIN_ SEQ_PIN_
RSTOUT ouT STOUT STOUT STOUT nRSTOUT nRSTOUT
R-0h R/W-0h R/W-1h R/W-1h R/W-1h R/W-1h R/W-1h R/W-0h
Table 7-22. SEQ_TRIG_nRSTOUT Register Field Descriptions
Bit Field Type Reset Description
RESERVED R Oh
PWR_ON_bit_ nRSTOUT |R/W Oh nRSTOUT Sequence Trigger On/Off
Oh = Included as part of the power ON/OFF sequence logic
1h = Not included as part of the power ON/OFF sequence logic
5 LDO_PG_nRSTOUT R/W 1h Included as part of the power ON/OFF sequence logic
Oh = Is part of power ON/OFF sequence
1h = Not included as part of the power ON/OFF sequence logic
4 BUCK3_PG_nRSTOUT R/W 1h nRSTOUT Sequence Trigger On/Off
Oh = Included as part of the power ON/OFF sequence logic
1h = Not included as part of the power ON/OFF sequence logic
3 BUCK2_PG_nRSTOUT R/W 1h nRSTOUT Sequence Trigger On/Off
Oh = Included as part of the power ON/OFF sequence logic
1h = Not included as part of the power ON/OFF sequence logic
2 BUCK1_PG_nRSTOUT R/W 1h nRSTOUT Sequence Trigger On/Off
Oh = Included as part of the power ON/OFF sequence logic
1h = Not included as part of the power ON/OFF sequence logic
1 GPIO_PIN_nRSTOUT R/W 1h nRSTOUT Sequence Trigger On/Off
Oh = Included as part of the power ON/OFF sequence logic
1h = Not included as part of the power ON/OFF sequence logic
0 SEQ_PIN_nRSTOUT R/W Oh nRSTOUT Sequence Trigger On/Off
Oh = Included as part of the power ON/OFF sequence logic
1h = Not included as part of the power ON/OFF sequence logic
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7.6.1.1.19 SEQ_TRIG_GPIO Register (Address = 12h) [Reset = 7Fh]

Return to the Summary Table.

Initialization source: POR, RESET STATE

Protection Access : CFG_LOCK
CFG_CRC: YES

Figure 7-38. SEQ_TRIG_GPIO Register

7 6 5 4 3 2 1 0
RESERVED | PWR_ON_bit_ |LDO_PG_GPIO | BUCK3_PG_G | BUCK2_PG_G | BUCK1_PG_G | nRSTOUT_PIN SEQ_PIN_
GPIO PIO PIO PIO _GPIO GPIO
R-0h R/W-1h R/W-1h R/W-1h R/W-1h R/W-1h R/W-1h R/W-1h
Table 7-23. SEQ_TRIG_GPIO Register Field Descriptions
Bit Field Type Reset Description
RESERVED R Oh
PWR_ON_bit_GPIO R/W 1h GPIO Sequence Trigger On/Off
Oh = Included as part of the power ON/OFF sequence logic
1h = Not included as part of the power ON/OFF sequence logic
5 LDO_PG_GPIO R/W 1h GPIO Sequence Trigger On/Off
Oh = Included as part of the power ON/OFF sequence logic
1h = Not included as part of the power ON/OFF sequence logic
4 BUCK3_PG_GPIO R/W 1h GPIO Sequence Trigger On/Off
Oh = Included as part of the power ON/OFF sequence logic
1h = Not included as part of the power ON/OFF sequence logic
3 BUCK2_PG_GPIO R/W 1h GPIO Sequence Trigger On/Off
Oh = Included as part of the power ON/OFF sequence logic
1h = Not included as part of the power ON/OFF sequence logic
2 BUCK1_PG_GPIO R/W 1h GPIO Sequence Trigger On/Off
Oh = Included as part of the power ON/OFF sequence logic
1h = Not included as part of the power ON/OFF sequence logic
1 nRSTOUT_PIN_GPIO R/W 1h GPIO Sequence Trigger On/Off
Oh = Included as part of the power ON/OFF sequence logic
1h = Not included as part of the power ON/OFF sequence logic
0 SEQ_PIN_ GPIO R/W 1h GPIO Sequence Trigger On/Off
Oh = Included as part of the power ON/OFF sequence logic
1h = Not included as part of the power ON/OFF sequence logic

Copyright © 2022 Texas Instruments Incorporated

Submit Document Feedback 63


https://www.ti.com
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLVSG12A&partnum=TPS650332-Q1

TI Confidential - NDA Restrictions

13 TEXAS
TPS650332-Q1 INSTRUMENTS
SLVSG12A — NOVEMBER 2021 — REVISED SEPTEMBER 2022 www.ti.com

7.6.1.1.20 BUCK1_SEQ_DLY Register (Address = 13h) [Reset = 71h]
Return to the Summary Table.

Initialization source: POR, RESET STATE
Protection Access : CFG_LOCK
CFG_CRC:YES

Figure 7-39. BUCK1_SEQ_DLY Register
7 6 5 4 3 2 1 0

BUCK1_SEQ_DLY_OFF \ BUCK1_SEQ_DLY_ON
R/W-7h R/W-1h

Table 7-24. BUCK1_SEQ_DLY Register Field Descriptions
Bit Field Type Reset Description

7-4 BUCK1_SEQ_DLY_OFF |R/W 7h BUCK1 Sequence Delay From Trigger Point
Oh = 0ms
1h =0.5ms
2h =1ms
3h =2ms
4h =3ms
5h =4ms
6h = 5ms
7h = 6ms
8h =7ms
9h = 8ms
Ah =9ms
Bh = 10ms
Ch=12ms
Dh =14ms
Eh = 16ms
Fh =20ms

3-0 BUCK1_SEQ_DLY_ON R/W 1h BUCK1 Sequence Delay From Trigger Point
Oh =0ms
1h =0.5ms
2h =1ms
3h =2ms
4h =3ms
5h =4ms
6h = 5ms
7h = 6ms
8h =7ms
9h = 8ms
Ah =9ms
Bh = 10ms
Ch=12ms
Dh =14ms
Eh = 16ms
Fh =20ms
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7.6.1.1.21 BUCK2_SEQ_DLY Register (Address = 14h) [Reset = 56h]
Return to the Summary Table.

Initialization source: POR, RESET STATE
Protection Access : CFG_LOCK

CFG_CRC: YES

Figure 7-40. BUCK2_SEQ_DLY Register

6 5 4 3 2 1

BUCK2_SEQ_DLY_OFF \ BUCK2_SEQ_DLY_ON

R/W-5h R/W-6h

Table 7-25. BUCK2_SEQ_DLY Register Field Descriptions

Bit

Field

Type Reset Description

7-4

BUCK2_SEQ_DLY_OFF |R/W 5h BUCK2 Sequence Delay From Trigger Point

Oh = 0ms
1h =0.5ms
2h =1ms
3h =2ms
4h =3ms
5h =4ms
6h = 5ms
7h = 6ms
8h =7ms
9h = 8ms
Ah =9ms
Bh = 10ms
Ch=12ms
Dh =14ms
Eh = 16ms
Fh =20ms

3-0

BUCK2_SEQ_DLY_ON R/W 6h BUCK2 Sequence Delay From Trigger Point

Oh =0ms
1h =0.5ms
2h =1ms
3h =2ms
4h =3ms
5h =4ms
6h = 5ms
7h = 6ms
8h =7ms
9h = 8ms
Ah =9ms
Bh = 10ms
Ch=12ms
Dh =14ms
Eh = 16ms
Fh =20ms
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7.6.1.1.22 BUCK3_SEQ_DLY Register (Address = 15h) [Reset = 49h]
Return to the Summary Table.

Initialization source: POR, RESET STATE
Protection Access : CFG_LOCK
CFG_CRC:YES

Figure 7-41. BUCK3_SEQ_DLY Register
7 6 5 4 3 2 1 0

BUCK3_SEQ_DLY_OFF \ BUCK3_SEQ_DLY_ON
R/W-4h R/W-9h

Table 7-26. BUCK3_SEQ_DLY Register Field Descriptions
Bit Field Type Reset Description

7-4 BUCK3_SEQ_DLY_OFF |R/W 4h BUCKS3 Sequence Delay From Trigger Point
Oh = 0ms
1h =0.5ms
2h =1ms
3h =2ms
4h =3ms
5h =4ms
6h = 5ms
7h = 6ms
8h =7ms
9h = 8ms
Ah =9ms
Bh = 10ms
Ch=12ms
Dh =14ms
Eh = 16ms
Fh =20ms

3-0 BUCK3_SEQ_DLY_ON R/W 9h BUCKS3 Sequence Delay From Trigger Point
Oh =0ms
1h =0.5ms
2h =1ms
3h =2ms
4h =3ms
5h =4ms
6h = 5ms
7h = 6ms
8h =7ms
9h = 8ms
Ah =9ms
Bh = 10ms
Ch=12ms
Dh =14ms
Eh = 16ms
Fh =20ms
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7.6.1.1.23 LDO_SEQ_DLY Register (Address = 16h) [Reset = 3Dh]
Return to the Summary Table.

Initialization source: POR, RESET STATE
Protection Access : CFG_LOCK

CFG_CRC: YES

Figure 7-42. LDO_SEQ_DLY Register

6 5 4 3 2 1

LDO_SEQ_DLY_OFF \ LDO_SEQ_DLY_ON

R/W-3h R/W-Dh

Table 7-27. LDO_SEQ_DLY Register Field Descriptions

Bit

Field

Type Reset Description

7-4

LDO_SEQ_DLY_OFF R/W 3h LDO Sequence Delay From Trigger Point

Oh = 0ms
1h =0.5ms
2h =1ms
3h =2ms
4h =3ms
5h =4ms
6h = 5ms
7h = 6ms
8h =7ms
9h = 8ms
Ah =9ms
Bh = 10ms
Ch=12ms
Dh =14ms
Eh = 16ms
Fh =20ms

3-0

LDO_SEQ_DLY_ON R/W Dh LDO Sequence Delay From Trigger Point

Oh =0ms
1h =0.5ms
2h =1ms
3h =2ms
4h =3ms
5h =4ms
6h = 5ms
7h = 6ms
8h =7ms
9h = 8ms
Ah =9ms
Bh = 10ms
Ch=12ms
Dh =14ms
Eh = 16ms
Fh =20ms
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7.6.1.1.24 nRSTOUT_SEQ_DLY Register (Address = 17h) [Reset = 2Eh]
Return to the Summary Table.

Initialization source: POR, RESET STATE
Protection Access : CFG_LOCK
CFG_CRC:YES

Figure 7-43. nRSTOUT_SEQ_DLY Register
7 6 5 4 3 2 1 0

nRSTOUT_SEQ_DLY_OFF \ nRSTOUT_SEQ_DLY_ON
R/W-2h RIW-Eh

Table 7-28. nRSTOUT_SEQ_DLY Register Field Descriptions
Bit Field Type Reset Description

7-4 nRSTOUT_SEQ_DLY_OF |R/W 2h nRSTOUT Power Down Sequence Delay From Trigger Point
F Oh = 0ms
1h =0.5ms
2h =1ms
3h =2ms
4h =3ms
5h =4ms
6h = 5ms
7h = 6ms
8h =7ms
9h = 8ms
Ah =9ms
Bh = 10ms
Ch=12ms
Dh =14ms
Eh = 16ms
Fh =20ms

3-0 nRSTOUT_SEQ_DLY_ON |R/W Eh nRSTOUT Power Up Sequence Delay From Trigger Point
Oh =0ms
1h =0.5ms
2h =1ms
3h =2ms
4h =3ms
5h =4ms
6h = 5ms
7h = 6ms
8h =7ms
9h = 8ms
Ah =9ms
Bh = 10ms
Ch=12ms
Dh =14ms
Eh = 16ms
Fh =20ms
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7.6.1.1.25 GPIO_SEQ_DLY Register (Address = 18h) [Reset = BBh]
Return to the Summary Table.

Initialization source: POR, RESET STATE
Protection Access : CFG_LOCK
CFG_CRC:YES

Figure 7-44. GPIO_SEQ_DLY Register

7 6 5 4 3 2 1 0

GPIO_SEQ_DLY_OFF \ GPIO_SEQ_DLY_ON

R/W-Bh R/W-Bh

Table 7-29. GPIO_SEQ_DLY Register Field Descriptions

Bit Field Type Reset Description

7-4 GPIO_SEQ_DLY_OFF R/W Bh GPIO Power Down Sequence Delay From Trigger Point
Oh = 0ms
1h =0.5ms
2h =1ms
3h =2ms
4h =3ms
5h =4ms
6h = 5ms
7h = 6ms
8h =7ms
9h = 8ms
Ah =9ms
Bh = 10ms
Ch=12ms
Dh =14ms
Eh = 16ms
Fh =20ms

3-0 GPIO_SEQ_DLY_ON R/W Bh GPIO Power Up Sequence Delay From Trigger Point
Oh =0ms
1h =0.5ms
2h =1ms
3h =2ms
4h =3ms
5h =4ms
6h = 5ms
7h = 6ms
8h =7ms
9h = 8ms
Ah =9ms
Bh = 10ms
Ch=12ms
Dh =14ms
Eh = 16ms
Fh =20ms

Copyright © 2022 Texas Instruments Incorporated Submit Document Feedback

69


https://www.ti.com
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLVSG12A&partnum=TPS650332-Q1

TI Confidential - NDA Restrictions

I3 TEXAS
TPS650332-Q1 INSTRUMENTS
SLVSG12A — NOVEMBER 2021 — REVISED SEPTEMBER 2022 www.ti.com
7.6.1.1.26 INT_ACK Register (Address = 19h) [Reset = 00h]
Return to the Summary Table.
Initialization source: POR
Figure 7-45. INT_ACK Register
7 6 5 4 3 2 1 0
RESERVED BUCK3_ACK | BUCK2_ACK | BUCK1_ACK LDO_ACK
R-Oh R-Oh R-Oh R-Oh R-Oh

Table 7-30. INT_ACK Register Field Descriptions

Bit Field Type Reset Description
7-4 RESERVED R Oh
3 BUCK3_ACK R Oh Interrupt Acknowledge BUCK3 Register

Oh = No interrupt
1h = Interrupt set

2 BUCK2_ACK R Oh Interrupt Acknowledge BUCK2 Register
Oh = No interrupt
1h = Interrupt set

1 BUCK1_ACK R Oh Interrupt Acknowledge BUCK1
Oh = No interrupt
1h = Interrupt set

0 LDO_ACK R Oh Interrupt Acknowledge LDO
Oh = No interrupt
1h = Interrupt set
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7.6.1.1.27 INT_ACK_BUCK1 Register (Address = 1Ah) [Reset = 00h]

Return to the Summary Table.

Initialization source: POR, RESET STATE

Figure 7-46. INT_ACK_BUCK1 Register

7 6 5 4 3 2 1 0
RESERVED BUCK1_OV_A |BUCK1_UV_AC| BUCK1_OCP_ | BUCK1_WARM
CK K ACK _ACK
R-0h R/W1C-0h R/W1C-0h R/W1C-0h R/W1C-0h
Table 7-31. INT_ACK_BUCK1 Register Field Descriptions
Bit Field Type Reset Description
7-4 RESERVED R Oh
3 BUCK1_OV_ACK R/W1C Oh BUCKT1 Overvoltage Interrupt Acknowledge
Oh = No interrupt
1h = Interrupt set
2 BUCK1_UV_ACK R/W1C Oh BUCK1 Undervoltage Interrupt Acknowledge
Oh = No interrupt
1h = Interrupt set
1 BUCK1_OCP_ACK R/W1C Oh BUCK1 Overcurrent Protection Interrupt Acknowledge
Oh = No interrupt
1h = Interrupt set
0 BUCK1_WARM_ACK R/W1C Oh BUCK1 Over Temperature Warning Interrupt Acknowledge
Oh = No interrupt
1h = Interrupt set
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7.6.1.1.28 INT_ACK_BUCK2 Register (Address = 1Bh) [Reset = 00h]
Return to the Summary Table.
Initialization source: POR, RESET STATE
Figure 7-47. INT_ACK_BUCK2 Register
7 6 5 4 3 2 1 0
RESERVED BUCK2_OV_A |BUCK2_UV_AC| BUCK2_OCP_ | BUCK2_WARM
CK K ACK _ACK
R-Oh R/W1C-0h R/W1C-0h R/W1C-0h R/W1C-0h

Table 7-32. INT_ACK_BUCK2 Register Field Descriptions

Bit Field Type Reset Description
7-4 RESERVED R Oh
3 BUCK2_OV_ACK R/W1C Oh BUCK2 Overvoltage Interrupt Acknowledge

Oh = No interrupt
1h = Interrupt set

2 BUCK2_UV_ACK R/W1C Oh BUCK2 Undervoltage Interrupt Acknowledge
Oh = No interrupt
1h = Interrupt set

1 BUCK2_OCP_ACK R/W1C Oh BUCK2 Overcurrent Protection Interrupt Acknowledge
Oh = No interrupt
1h = Interrupt set

0 BUCK2_WARM_ACK R/W1C Oh BUCK2 Over Temperature Warning Interrupt Acknowledge
Oh = No interrupt
1h = Interrupt set
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7.6.1.1.29 INT_ACK_BUCKS3 Register (Address = 1Ch) [Reset = 00h]

Return to the Summary Table.

Initialization source: POR, RESET STATE

Figure 7-48. INT_ACK_BUCKS3 Register

7 6 5 4 3 2 1 0
RESERVED BUCK3_OV_A |BUCK3_UV_AC| BUCK3_OCP_ | BUCK3_WARM
CK K ACK _ACK
R-0h R/W1C-0h R/W1C-0h R/W1C-0h R/W1C-0h
Table 7-33. INT_ACK_BUCKS3 Register Field Descriptions
Bit Field Type Reset Description
7-4 RESERVED R Oh
3 BUCK3_OV_ACK R/W1C Oh BUCKRS Overvoltage Interrupt Acknowledge
Oh = No interrupt
1h = Interrupt set
2 BUCK3_UV_ACK R/W1C Oh BUCKS3 Undervoltage Interrupt Acknowledge
Oh = No interrupt
1h = Interrupt set
1 BUCK3_OCP_ACK R/W1C Oh BUCKS3 Overcurrent Protection Interrupt Acknowledge
Oh = No interrupt
1h = Interrupt set
0 BUCK3_WARM_ACK R/W1C Oh BUCKS Over Temperature Warning Interrupt Acknowledge
Oh = No interrupt
1h = Interrupt set
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7.6.1.1.30 INT_ACK_LDO Register (Address = 1Dh) [Reset = 00h]
Return to the Summary Table.
Initialization source: POR, RESET STATE
Figure 7-49. INT_ACK_LDO Register
7 6 5 4 3 2 1 0
RESERVED LDO_OV_ACK | LDO_UV_ACK | LDO_OCP_AC | LDO_WARM_A
K CK
R-Oh R/W1C-0h R/W1C-0h R/W1C-0h R/W1C-0h

Table 7-34. INT_ACK_LDO Register Field Descriptions

Bit Field Type Reset Description
7-4 RESERVED R Oh
3 LDO_OV_ACK R/W1C Oh LDO Overvoltage Interrupt Acknowledge

Oh = No interrupt
1h = Interrupt set

2 LDO_UV_ACK R/W1C Oh LDO Undervoltage Interrupt Acknowledge
Oh = No interrupt
1h = Interrupt set

1 LDO_OCP_ACK R/W1C Oh LDO Overcurrent Protection Interrupt Acknowledge
Oh = No interrupt
1h = Interrupt set

0 LDO_WARM_ACK R/W1C Oh LDO Over Temperature Warning Interrupt Acknowledge
Oh = No interrupt
1h = Interrupt set
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7.6.1.1.31 INT_MASK_BUCKx_LDO Register (Address = 1Eh) [Reset = FFh]
Return to the Summary Table.

Initialization source: POR, RESET STATE
Protection Access : CFG_LOCK
CFG_CRC:YES

Figure 7-50. INT_MASK_BUCKXx_LDO Register

7 6 5 4 3 2 1 0
BUCK3_OCP_ | BUCK3_WARM | BUCK2_OCP_ | BUCK2_WARM | BUCK1_OCP_ | BUCK1_WARM | LDO_OCP_MA |LDO_WARM_M
MASK _MASK MASK _MASK MASK _MASK SK ASK
R/W-1h R/W-1h R/W-1h R/W-1h R/W-1h R/W-1h R/W-1h R/W-1h
Table 7-35. INT_MASK_BUCKXx_LDO Register Field Descriptions

Bit Field Type Reset Description
7 BUCK3_OCP_MASK R/W 1h BUCKS Overcurrent Protection Interrupt Mask
Oh = Not Masked
1h = Masked
6 BUCK3_WARM_MASK R/W 1h BUCKS Over Temperature Warning Interrupt Mask
Oh = Not Masked
1h = Masked
5 BUCK2_OCP_MASK R/W 1h BUCK2 Overcurrent Protection Interrupt Mask
Oh = Not Masked
1h = Masked
4 BUCK2_WARM_MASK R/W 1h BUCK2 Over Temperature Warning Interrupt Mask
0Oh = Not Masked
1h = Masked
3 BUCK1_OCP_MASK R/W 1h BUCK?1 Overcurrent Protection Interrupt Mask
Oh = Not Masked
1h = Masked
2 BUCK1_WARM_MASK R/W 1h BUCK1 Over Temperature Warning Interrupt Mask
Oh = Not Masked
1h = Masked
1 LDO_OCP_MASK R/W 1h LDO Overcurrent Protection Interrupt Mask
Oh = Not Masked
1h = Masked
0 LDO_WARM_MASK R/W 1h LDO Over Temperature Warning Interrupt Mask
Oh = Not Masked
1h = Masked
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7.6.1.1.32 FAULT_STATUS_BUCK1 Register (Address = 1Fh) [Reset = 00h]

Return to the Summary Table.

Initialization source: POR

Figure 7-51. FAULT_STATUS_BUCK1 Register

7 6 5 4 3 2 1 0
RESERVED | PVIN_UVLO_S |BUCK1_OV_ST |BUCK1_HOT_S|BUCK1_OVP_S| BUCK1_SCG_ |BUCK1_OVL_S |BUCK1_UV_ST
TATUS ATUS TATUS TATUS STATUS TATUS ATUS
R-0h R/W1C-0h R/W1C-0h R/W1C-0h R/W1C-0h R/W1C-0h R/W1C-0h R/W1C-0h
Table 7-36. FAULT_STATUS_BUCK1 Register Field Descriptions
Bit Field Type Reset Description
RESERVED R Oh
PVIN_UVLO_STATUS R/W1C Oh BUCK1 PVIN Under Voltage Status
Oh = No Fault detected
1h = Fault detected
5 BUCK1_OV_STATUS R/W1C Oh BUCK1 Overvoltage Status
Oh = No Fault detected
1h = Fault detected
4 BUCK1_HOT_STATUS R/W1C Oh BUCK1 Over Temperature Shutdown Status
Oh = No Fault detected
1h = Fault detected
3 BUCK1_OVP_STATUS R/W1C Oh BUCK1 Overvoltage Protection Status
Oh = No Fault detected
1h = Fault detected
2 BUCK1_SCG_STATUS R/W1C Oh BUCK?1 Short Circuit to Ground Status
Oh = No Fault detected
1h = Fault detected
1 BUCK1_OVL_STATUS R/W1C Oh BUCK?1 Over-Load Protection Status
Oh = No Fault detected
1h = Fault detected
0 BUCK1_UV_STATUS R/W1C Oh BUCK1 Undervoltage Status
Oh = No Fault detected
1h = Fault detected
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7.6.1.1.33 FAULT_STATUS_BUCK2 Register (Address = 20h) [Reset = 00h]

Return to the Summary Table.

Initialization source: POR
Figure 7-52. FAULT_STATUS_BUCK2 Register

7 6 5 4 3 2 1 0
RESERVED BUCK2_OV_ST |BUCK2_HOT_S|BUCK2_OVP_S| BUCK2_SCG_ |BUCK2_OVL_S|BUCK2_UV_ST
ATUS TATUS TATUS STATUS TATUS ATUS
R-0Oh R/W1C-0h R/W1C-0h R/W1C-0h R/W1C-0h R/W1C-0h R/W1C-0h
Table 7-37. FAULT_STATUS_BUCK2 Register Field Descriptions

Bit Field Type Reset Description

7-6 RESERVED R Oh

5 BUCK2_OV_STATUS R/W1C Oh BUCK2 Overvoltage Status
Oh = No Fault detected
1h = Fault detected

4 BUCK2_HOT_STATUS R/W1C Oh BUCK2 Over Temperature Shutdown Status
Oh = No Fault detected
1h = Fault detected

3 BUCK2_OVP_STATUS R/W1C Oh BUCK2 Overvoltage Protection Status
Oh = No Fault detected
1h = Fault detected

2 BUCK2_SCG_STATUS R/W1C Oh BUCK2 Short Circuit to Ground Status
Oh = No Fault detected
1h = Fault detected

1 BUCK2_OVL_STATUS R/W1C Oh BUCK2 Over-Load Protection Status

Oh = No Fault detected
1h = Fault detected

0 BUCK2_UV_STATUS R/W1C Oh BUCK2 Undervoltage Status
Oh = No Fault detected
1h = Fault detected
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7.6.1.1.34 FAULT_STATUS_BUCKS Register (Address = 21h) [Reset = 00h]

Return to the Summary Table.

Initialization source: POR

Figure 7-53. FAULT_STATUS_BUCKS3 Register

7 5 4 3 2 1 0
RESERVED BUCK3 OV_ST |BUCK3_HOT_S|BUCK3_OVP_S| BUCK3_SCG_ |BUCK3 _OVL_S|BUCK3 _UV_ST
ATUS TATUS TATUS STATUS TATUS ATUS
R-0Oh R/W1C-0h R/W1C-0h R/W1C-0h R/W1C-0h R/W1C-0h R/W1C-0h
Table 7-38. FAULT_STATUS_BUCKS Register Field Descriptions

Bit Field Type Reset Description

7-6 RESERVED R Oh

5 BUCK3_OV_STATUS R/W1C Oh BUCKS3 Overvoltage Status
Oh = No Fault detected
1h = Fault detected

4 BUCK3_HOT_STATUS R/W1C Oh BUCKS3 Over Temperature Shutdown Status
Oh = No Fault detected
1h = Fault detected

3 BUCK3_OVP_STATUS R/W1C Oh BUCKS3 Overvoltage Protection Status
Oh = No Fault detected
1h = Fault detected

2 BUCK3_SCG_STATUS R/W1C Oh BUCKS Short Circuit to Ground Status
Oh = No Fault detected
1h = Fault detected

1 BUCK3_OVL_STATUS R/W1C Oh BUCKS3 Over-Load Protection Status

Oh = No Fault detected
1h = Fault detected

0 BUCK3_UV_STATUS R/W1C Oh BUCKS3 Undervoltage Status
Oh = No Fault detected
1h = Fault detected
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7.6.1.1.35 FAULT_STATUS_LDO Register (Address = 22h) [Reset = 00h]

Return to the Summary Table.

Initialization source: POR
Figure 7-54. FAULT_STATUS_LDO Register

7 6 5 4 3 2 1 0
RESERVED LDO_OV_STAT |LDO_HOT_STA|LDO_OVP_STA |LDO_SCG_STA|LDO_OVL_STA | LDO_UV_STAT
us TUS TUS TUS TUS us
R-0Oh R/W1C-0h R/W1C-0h R/W1C-0h R/W1C-0h R/W1C-0h R/W1C-0h
Table 7-39. FAULT_STATUS_LDO Register Field Descriptions

Bit Field Type Reset Description

7-6 RESERVED R Oh

5 LDO_OV_STATUS R/W1C Oh LDO Overvoltage Status
Oh = No Fault detected
1h = Fault detected

4 LDO_HOT_STATUS R/W1C Oh LDO Over Temperature Shutdown Status
Oh = No Fault detected
1h = Fault detected

3 LDO_OVP_STATUS R/W1C Oh LDO Overvoltage Protection Status
Oh = No Fault detected
1h = Fault detected

2 LDO_SCG_STATUS R/W1C Oh LDO Short Circuit to Ground Status
Oh = No Fault detected
1h = Fault detected

1 LDO_OVL_STATUS R/W1C Oh LDO Over-Load Protection Status

Oh = No Fault detected
1h = Fault detected

0 LDO_UV_STATUS R/W1C Oh LDO Undervoltage Status
Oh = No Fault detected
1h = Fault detected
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7.6.1.1.36 VMON_BUCK1_CFG Register (Address = 23h) [Reset = 00h]
Return to the Summary Table.
Initialization source: POR, RESET STATE
Protection Access : CFG_LOCK
CFG_CRC: YES
Figure 7-55. VMON_BUCK1_CFG Register
7 6 5 4 3 2 1 0
RESERVED BUCK1_OV_SET BUCK1_UV_SET
R-0h R/W-0h R/W-0h
Table 7-40. VMON_BUCK1_CFG Register Field Descriptions
Bit Field Type Reset Description
7-4 RESERVED R Oh
3-2 BUCK1_OV_SET R/W Oh BUCKT1 OV detection threshold with respect to target voltage setting:
Oh =104%
1h =104.5%
2h =105%
3h =105.5%
1-0 BUCK1_UV_SET R/W Oh BUCK1 UV detection threshold with respect to target voltage setting:
Oh = 96%
1h = 95.5%
2h =95%
3h =94.5%
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7.6.1.1.37 VMON_BUCK2_CFG Register (Address = 24h) [Reset = 00h]
Return to the Summary Table.

Initialization source: POR, RESET STATE
Protection Access : CFG_LOCK
CFG_CRC:YES

Figure 7-56. VMON_BUCK2_CFG Register

7 6 5 4 3 2 1 0
RESERVED BUCK2_OV_SET BUCK2_UV_SET
R-0h R/W-0h R/W-0h
Table 7-41. VMON_BUCK2_CFG Register Field Descriptions
Bit Field Type Reset Description
7-4 RESERVED R Oh
3-2 BUCK2_OV_SET R/W Oh BUCK2 OV detection threshold with respect to target voltage setting:
Oh =104%
1h =104.5%
2h =105%
3h =105.5%
1-0 BUCK2_UV_SET R/W Oh BUCK2 UV detection threshold with respect to target voltage setting:
Oh = 96%
1h =95.5%
2h = 95%
3h =94.5%
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7.6.1.1.38 VMON_BUCK3_CFG Register (Address = 25h) [Reset = 00h]
Return to the Summary Table.
Initialization source: POR, RESET STATE
Protection Access : CFG_LOCK
CFG_CRC: YES
Figure 7-57. VMON_BUCK3_CFG Register
7 6 5 4 3 2 1 0
RESERVED BUCK3_OV_SET BUCK3_UV_SET
R-0h R/W-0h R/W-0h
Table 7-42. VMON_BUCK3_CFG Register Field Descriptions
Bit Field Type Reset Description
7-4 RESERVED R Oh
3-2 BUCK3_OV_SET R/W Oh BUCKS OV detection threshold with respect to target voltage setting:
Oh =104%
1h =104.5%
2h =105%
3h =105.5%
1-0 BUCK3_UV_SET R/W Oh BUCKS3 UV detection threshold with respect to target voltage setting:
Oh = 96%
1h = 95.5%
2h =95%
3h =94.5%
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7.6.1.1.39 VMON_LDO_CFG Register (Address = 26h) [Reset = 00h]
Return to the Summary Table.

Initialization source: POR, RESET STATE
Protection Access : CFG_LOCK
CFG_CRC:YES

Figure 7-58. VMON_LDO_CFG Register

7 6 5 4 3 2 1 0
RESERVED LDO_OV_SET LDO_UV_SET
R-0h R/W-0h R/W-0h
Table 7-43. VMON_LDO_CFG Register Field Descriptions
Bit Field Type Reset Description
7-4 RESERVED R Oh
3-2 LDO_OV_SET R/W Oh LDO OV detection threshold with respect to target voltage setting:
Oh =104%
1h =104.5%
2h =105%
3h =105.5%
1-0 LDO_UV_SET R/W Oh LDO UV detection threshold with respect to target voltage setting:
0Oh =96.5%
1h =96%
2h =95.5%
3h =95%
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7.6.1.1.40 ERR_BUCKx_LDO_CFG Register (Address = 27h) [Reset = 00h]

Return to the Summary Table.

Initialization source: POR, RESET STATE

Protection Access : CFG_LOCK
CFG_CRC: YES

Figure 7-59. ERR_BUCKx_LDO_CFG Register

7

6

5

4

3

2

1

0

BUCK3_OV_R
ST EN

BUCK3_UV_RS
T EN

BUCK2_OV_R
ST EN

BUCK2_UV_RS
T EN

BUCK1_OV_R
ST EN

BUCK1_UV_RS
T_EN

LDO_OV_RST_
EN

LDO_UV_RST_
EN

R/W-0h

R/W-0h

R/W-0h

R/W-0h

R/W-0h

R/W-0h

R/W-0h

R/W-0h

Table 7-44. ERR_BUCKx_LDO_CFG Register Field Descriptions

Bit

Field

Type

Reset

Description

7 BUCK3_OV_RST_EN R/W Oh BUCKS3 Over Voltage Fault Configuration
Oh = Fault generates an interrupt and transitions to the SAFE state
1h = Fault causes a transition to the RESET State or the

WT_PWR_REC State depending on the State Transition bit

BUCKS Under Voltage Fault Configuration

Oh = Fault generates an interrupt and transitions to the SAFE state
1h = Fault causes a transition to the RESET State or the
WT_PWR_REC State depending on the State Transition bit

BUCK2 Over Voltage Fault Configuration

Oh = Fault generates an interrupt and transitions to the SAFE state
1h = Fault causes a transition to the RESET State or the
WT_PWR_REC State depending on the State Transition bit

BUCK2 Under Voltage Fault Configuration

Oh = Fault generates an interrupt and transitions to the SAFE state
1h = Fault causes a transition to the RESET State or the
WT_PWR_REC State depending on the State Transition bit

BUCK?1 Over Voltage Fault Configuration

Oh = Fault generates an interrupt and transitions to the SAFE state
1h = Fault causes a transition to the RESET State or the
WT_PWR_REC State depending on the State Transition bit

BUCK1 Under Voltage Fault Configuration

Oh = Fault generates an interrupt and transitions to the SAFE state
1h = Fault causes a transition to the RESET State or the
WT_PWR_REC State depending on the State Transition bit

LDO Over Voltage Fault Configuration

Oh = Fault generates an interrupt and transitions to the SAFE state
1h = Fault causes a transition to the RESET State or the
WT_PWR_REC State depending on the State Transition bit

LDO Under Voltage Fault Configuration

Oh = Fault generates an interrupt and transitions to the SAFE state
1h = Fault causes a transition to the RESET State or the
WT_PWR_REC State depending on the State Transition bit

6 BUCK3_UV_RST_EN RIW oh

5 BUCK2_OV_RST_EN RIW oh

4 BUCK2_UV_RST_EN RIW oh

3 BUCK1_OV_RST_EN RIW oh

2 BUCK1_UV_RST_EN RIW Oh

1 LDO_OV_RST_EN RIW Oh

0 LDO_UV_RST_EN RIW Oh
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7.6.1.1.41 RESTART_CMD Register (Address = 28h) [Reset = 00h]

Return to the Summary Table.

Initialization source: POR

Figure 7-60. RESTART_CMD Register

7 5 4 3 2 1 0
PMIC_RESTART_CMD
R-0h
Table 7-45. RESTART_CMD Register Field Descriptions

Bit Field Type Reset Description

7-0 PMIC_RESTART_CMD R Oh Write to this register to re-start the device. A readback of this register
results in '0x00'".
DDh = Re-start the device
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7.6.1.1.42 CFG_REG_CRC Register (Address = 29h) [Reset = 00h]
Return to the Summary Table.

Initialization source: POR, RESET STATE
Protection Access : CFG_LOCK

Figure 7-61. CFG_REG_CRC Register

7 6 5 4 3 2 1 0
DEV_CFG_CRC
R/W-0h
Table 7-46. CFG_REG_CRC Register Field Descriptions
Bit Field Type Reset Description
7-0 DEV_CFG_CRC R/W Oh Expected CRC8 value for device configuration registers
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7.6.1.1.43 DEV_STAT Register (Address = 2Ah) [Reset = 0Ch]

Return to the Summary Table.

Initialization source: POR

Figure 7-62. DEV_STAT Register

7 6 5 4 3 2 1 0
RESERVED CTRL_LOCK CFG_LOCK DEV_STATE
R-0h R-1h R-1h R-0h
Table 7-47. DEV_STAT Register Field Descriptions
Bit Field Type Reset Description
7-4 RESERVED R Oh
3 CTRL_LOCK R 1h Control Lock Status
Oh = Write access allowed based on CONTROL_LOCK Register
1h = Write access not allowed based on CONTROL_LOCK Register
2 CFG_LOCK R 1h Configuration Lock Status
Oh = Write access allowed based on CONFIG_LOCK Register
1h = Write access not allowed based on CONFIG_LOCK Register
1-0 DEV_STATE R Oh Device State
Oh = Any State other than the ACTIVE, RESET or SAFE State
1h = ACTIVE State
2h = RESET State
3h = SAFE State
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7.6.1.1.44 DEV_ERR_ACK_1 Register (Address = 2Bh) [Reset = 00h]
Return to the Summary Table.
Initialization source: POR, RESET STATE

Figure 7-63. DEV_ERR_ACK_1 Register

7 6 5 4 3 2 1 0
RESERVED RESERVED RESERVED | SYSTEM_ERR | ABIST_LDO_A | ABIST_BUCKS3 | ABIST_BUCK2 | ABIST_BUCK1
_ACK CK _ACK _ACK _ACK
R-0h R-0h R-0h R-0h R-0h R-0h R-0h R-0h
Table 7-48. DEV_ERR_ACK_1 Register Field Descriptions

Bit Field Type Reset Description

7 RESERVED R Oh Reserved

6 RESERVED R Oh Reserved

5 RESERVED R Oh Reserved

4 SYSTEM_ERR_ACK R Oh System Error Acknowledge
Oh = No error detected
1h = Error detected

3 ABIST_LDO_ACK R Oh ABIST LDO Error Acknowledge
Oh = Not detected
1h = Detected

2 ABIST_BUCK3_ACK R Oh ABIST BUCKS3 Error Acknowledge
Oh = Not detected
1h = Detected

1 ABIST_BUCK2_ACK R Oh ABIST BUCK2 Error Acknowledge
Oh = Not detected
1h = Detected

0 ABIST_BUCK1_ACK R Oh ABIST BUCK1 Error Acknowledge
Oh = Not detected
1h = Detected
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7.6.1.1.45 DEV_ERR_ACK_2 Register (Address = 2Ch) [Reset = 00h]

Return to the Summary Table.
Initialization source: POR, RESET STATE

Figure 7-64. DEV_ERR_ACK_2 Register

7 6 5 4 3 2 1 0
RESERVED CFG_REG_CR | nINT_ERR_AC | nRSTOUT_ER |I12C_INVALID_A | 12C_CRC_ERR
C_ERR_ACK K R_ACK DDR_ERR_AC _ACK
K
R-Oh R/W1C-0h R/W1C-0h R/W1C-0h R/W1C-0h R/W1C-0h

Table 7-49. DEV_ERR_ACK_2 Register Field Descriptions

Bit Field Type Reset Description
7-5 RESERVED R Oh
4 CFG_REG_CRC_ERR_A |R/W1C Oh CFG Register CRC Error Acknowledge
CK Oh = No error detected
1h = Error detected
3 nINT_ERR_ACK R/W1C Oh nINT Error Acknowledge
Oh = No error detected
1h = Error detected
2 nRSTOUT_ERR_ACK R/W1C Oh nRSTOUT Error Acknowledge
Oh = No error detected
1h = Error detected
1 12C_INVALID_ADDR_ER |R/W1C Oh 12C Invalid Address Error Acknowledge
R_ACK 0Oh = No error detected
1h = Error detected
0 12C_CRC_ERR_ACK R/W1C Oh 12C CRC Error Acknowledge
Oh = No error detected
1h = Error detected

Copyright © 2022 Texas Instruments Incorporated

Submit Document Feedback 89


https://www.ti.com
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLVSG12A&partnum=TPS650332-Q1

TI Confidential - NDA Restrictions

I3 TEXAS
TPS650332-Q1 INSTRUMENTS
SLVSG12A - NOVEMBER 2021 — REVISED SEPTEMBER 2022 www.ti.com
7.6.1.1.46 DEV_FAULT_STATUS_1 Register (Address = 2Dh) [Reset = 00h]
Return to the Summary Table.
Initialization source: POR
Figure 7-65. DEV_FAULT_STATUS_1 Register
7 6 5 4 3 2 1 0
RESERVED RESERVED RESERVED RESERVED | RESTART_CM | VREG_OVP_S |VREG_UV_STA
D_STATUS TATUS TUS
R-0h R-0h R-0h R-0h R/W1C-0h R/W1C-0h R/W1C-0h
Table 7-50. DEV_FAULT_STATUS_1 Register Field Descriptions
Bit Field Type Reset Description
7-6 RESERVED R Oh
5 RESERVED R Oh Reserved
4 RESERVED R Oh Reserved
3 RESERVED R Oh Reserved
2 RESTART_CMD_STATUS |R/W1C Oh The previous shutdown was due to a Restart Command from the
MCU
Oh = Not detected
1h = Detected
1 VREG_OVP_STATUS R/W1C Oh VREG over voltage protection error status
Oh = Not detected
1h = Detected
0 VREG_UV_STATUS R/W1C Oh VREG under voltage detection error status
Oh = Not detected
1h = Detected
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7.6.1.1.47 DEV_FAULT_STATUS_2 Register (Address = 2Eh) [Reset = 00h]

Return to the Summary Table.

Initialization source: POR

Figure 7-66. DEV_FAULT_STATUS_2 Register

7 6 5 4 3 2 1 0
RESERVED nINT_ERR_ST | nRSTOUT_ER | NVM_CRC_ER | RESERVED | GND_LOSS_E
ATUS R_STATUS R_STATUS RR_STATUS
R-0h R/W1C-0h R/W1C-0h R/W1C-0h R-0h R/W1C-0h
Table 7-51. DEV_FAULT_STATUS_2 Register Field Descriptions
Bit Field Type Reset Description
7-5 RESERVED R Oh
4 nINT_ERR_STATUS R/W1C Oh nINT pin monitor detection error status
Oh = Not detected
1h = Detected
3 nRSTOUT_ERR_STATUS |R/W1C Oh nRSTOUT pin monitor detection error status
Oh = Not detected
1h = Detected
2 NVM_CRC_ERR_STATU |R/W1C Oh NVM CRC detection error status

S Oh = Not detected
1h = Detected

RESERVED R Oh Reserved

0 GND_LOSS_ERR_STATU |R/W1C Oh Ground Loss detection error status

S Oh = Not detected

1h = Detected
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7.6.1.1.48 INT_MASK_SAFETY Register (Address = 2Fh) [Reset = 03h]
Return to the Summary Table.

Initialization source: POR, RESET STATE
Protection Access : CFG_LOCK
CFG_CRC:YES

Figure 7-67. INT_MASK_SAFETY Register

7 6 5 4 3 2 1 0
RESERVED I2C_INVALID_A | I12C_CRC_ERR
DDR_MASK _MASK
R-0Oh R/W-1h R/W-1h
Table 7-52. INT_MASK_SAFETY Register Field Descriptions
Bit Field Type Reset Description
7-2 RESERVED R Oh
1 12C_INVALID_ADDR_MA |R/W 1h 12C Invalid Address Interrupt Mask
SK Oh = Not Masked
1h = Masked
0 12C_CRC_ERR_MASK R/W 1h 12C CRC Error Interrupt Mask

Oh = Not Masked
1h = Masked
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7.6.1.1.49 PIN_MON_ERR_CFG Register (Address = 30h) [Reset = 00h]

Return to the Summary Table.

Initialization source: POR, RESET STATE
Protection Access : CFG_LOCK
CFG_CRC:YES

Figure 7-68. PIN_MON_ERR_CFG Register

7 6 5 4 3 2 1 0
RESERVED nINT_ERR_RS | nRSTOUT_ER
T EN R_RST_EN
R-Oh R/W-Oh R/W-0h

Table 7-53. PIN_MON_ERR_CFG Register Field Descriptions

Bit Field Type Reset Description
7-2 RESERVED R Oh
1 nINT_ERR_RST_EN R/W Oh nINT_ERR Pin Monitor Fault Configuration

Oh = Fault generates an interrupt and transitions to the SAFE state
1h = Fault causes a transition to the RESET state

0 nRSTOUT_ERR_RST_EN |R/W Oh nRSTOUT_ERR Pin Monitor Fault Configuration
Oh = Fault generates an interrupt and transitions to the SAFE state
1h = Fault causes a transition to the RESET state

Copyright © 2022 Texas Instruments Incorporated

Submit Document Feedback 93


https://www.ti.com
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLVSG12A&partnum=TPS650332-Q1

TI Confidential - NDA Restrictions

I3 TEXAS
TPS650332-Q1 INSTRUMENTS
SLVSG12A — NOVEMBER 2021 — REVISED SEPTEMBER 2022 www.ti.com
7.6.1.1.50 ABIST_GROUP_DONE Register (Address = 31h) [Reset = 00h]
Return to the Summary Table.
Initialization source: POR, RESET STATE
Figure 7-69. ABIST_GROUP_DONE Register
7 6 5 4 3 2 1 0
RESERVED ABIST_SYS ABIST_LDO | ABIST_BUCKS3 | ABIST_BUCK2 | ABIST_BUCK1
R-0h R/W1C-0h R/W1C-0h R/W1C-0h R/W1C-0h R/W1C-0h
Table 7-54. ABIST_GROUP_DONE Register Field Descriptions
Bit Field Type Reset Description
7-5 RESERVED R Oh
4 ABIST_SYS R/W1C Oh ABIST System is done.
Oh = Not done
1h = Done
3 ABIST_LDO R/W1C Oh ABIST LDO is done.
Oh = Not done
1h = Done
2 ABIST_BUCKS3 R/W1C Oh ABIST BUCKS is done.
Oh = Not done
1h = Done
1 ABIST_BUCK2 R/W1C Oh ABIST BUCK?2 is done.
Oh = Not done
1h = Done
0 ABIST_BUCK1 R/W1C Oh ABIST BUCK1 is done.
Oh = Not done
1h = Done
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7.6.1.1.51 ABIST_BUCK1_2_ACK Register (Address = 32h) [Reset = 00h]

Return to the Summary Table.

Initialization source: POR, RESET STATE

Figure 7-70. ABIST_BUCK1_2_ACK Register

7 6 5 4 3 2 1 0
RESERVED | ABIST_BUCK2 | ABIST_BUCK2 | ABIST_BUCK2 | RESERVED | ABIST_BUCK1 | ABIST_BUCK1 | ABIST_BUCK1
_OVP_ACK _OV_ACK _UV_ACK _OVP_ACK _OV_ACK _UV_ACK
R-0h R/W1C-0h R/W1C-0h R/W1C-0h R-0h R/W1C-0h R/W1C-0h R/W1C-0h
Table 7-55. ABIST_BUCK1_2_ACK Register Field Descriptions
Bit Field Type Reset Description

RESERVED R Oh

ABIST_BUCK2_OVP_AC |R/W1C Oh ABIST BUCK2 Over Voltage Protection Error Acknowledge

K Oh = Not detected
1h = Detected

5 ABIST_BUCK2_OV_ACK |R/W1C Oh ABIST BUCK2 Over Voltage Error Acknowledge
Oh = Not detected
1h = Detected
4 ABIST_BUCK2_UV_ACK |R/W1C Oh ABIST BUCK2 Under Voltage Error Acknowledge

Oh = Not detected
1h = Detected

RESERVED R Oh

ABIST_BUCK1_OVP_AC |R/W1C Oh ABIST BUCK1 Over Voltage Protection Error Acknowledge

K Oh = Not detected
1h = Detected

1 ABIST_BUCK1_OV_ACK |R/W1C Oh ABIST BUCK1 Over Voltage Error Acknowledge
Oh = Not detected
1h = Detected
0 ABIST_BUCK1_UV_ACK |R/W1C Oh ABIST BUCK1 Under Voltage Error Acknowledge

Oh = Not detected
1h = Detected
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7.6.1.1.52 ABIST_LDO_BUCK3_ACK Register (Address = 33h) [Reset = 00h]

Return to the Summary Table.

Initialization source: POR, RESET STATE

Figure 7-71. ABIST_LDO_BUCK3_ACK Register

7 6 5 4 3 2 1 0
RESERVED | ABIST_LDO_O | ABIST_LDO_O | ABIST_LDO_U | RESERVED | ABIST_BUCKS3 | ABIST_BUCKS3 | ABIST_BUCK3
VP_ACK V_ACK V_ACK _OVP_ACK _OV_ACK _UV_ACK
R-0h R/W1C-0h R/W1C-0h R/W1C-0h R-0h R/W1C-0h R/W1C-0h R/W1C-0h
Table 7-56. ABIST_LDO_BUCK3_ACK Register Field Descriptions
Bit Field Type Reset Description

RESERVED R Oh

ABIST_LDO_OVP_ACK |R/W1C Oh ABIST LDO Over Voltage Protection Error Acknowledge
Oh = Not detected
1h = Detected

5 ABIST_LDO_OV_ACK R/W1C Oh ABIST LDO Over Voltage Error Acknowledge
Oh = Not detected
1h = Detected
4 ABIST_LDO_UV_ACK R/W1C Oh ABIST LDO Under Voltage Error Acknowledge

Oh = Not detected
1h = Detected

RESERVED R Oh

ABIST_BUCK3_OVP_AC |R/W1C Oh ABIST BUCKS3 Over Voltage Protection Error Acknowledge

K Oh = Not detected
1h = Detected

1 ABIST_BUCK3 _OV_ACK |R/W1C Oh ABIST BUCK3 Over Voltage Error Acknowledge
Oh = Not detected
1h = Detected
0 ABIST_BUCK3 UV_ACK |R/W1C Oh ABIST BUCK3 Under Voltage Error Acknowledge

Oh = Not detected
1h = Detected
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7.6.1.1.53 ABIST_SYSTEM_ACK Register (Address = 34h) [Reset = 00h]
Return to the Summary Table.
Initialization source: POR, RESET STATE

Figure 7-72. ABIST_SYSTEM_ACK Register

7 6 5 4 3 2 1 0
RESERVED ABIST_SYSTE | RESERVED |ABIST_GNDLO
M_TSHUT_AC SS_ERR_ACK
K
R-Oh R/W1C-0h R-Oh R/W1C-0h

Table 7-57. ABIST_SYSTEM_ACK Register Field Descriptions

Bit Field Type Reset Description
7-3 RESERVED R Oh
2 ABIST_SYSTEM_TSHUT |R/W1C Oh ABIST thermal shutdown Error Acknowledge
_ACK Oh = Not detected
1h = Detected
1 RESERVED R Oh Reserved
0 ABIST_GNDLOSS_ERR_ |R/W1C Oh ABIST ground loss Error Acknowledge
ACK Oh = Not detected
1h = Detected
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7.6.1.1.54 ABIST_RUN_CMD Register (Address = 35h) [Reset = 00h]
Return to the Summary Table.

Initialization source: POR
Protection Access : Factory programming controlled

Figure 7-73. ABIST_RUN_CMD Register
7 6 5 4 3 2 1 0

ABIST_CONTROL
R-0Oh

Table 7-58. ABIST_RUN_CMD Register Field Descriptions
Bit Field Type Reset Description
7-0 ABIST_CONTROL R Oh

Write to this register to run ABIST. A readback of this register results
in '0x00".
DAh = Run ABIST real time
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7.6.1.1.55 POWER_GOOD_STATUS Register (Address = 36h) [Reset = 00h]

Return to the Summary Table.

Initialization source: POR

Figure 7-74. POWER_GOOD_STATUS Register

7 6 5 4 3 2 1 0
RESERVED | nRSTOUT_STA | GPIO_STATUS | SEQ_STATUS | LDO_PG_STAT |BUCK3_PG_ST |BUCK2_PG_ST |BUCK1_PG_ST
TUS us ATUS ATUS ATUS
R-0h R-0h R-0h R-0h R-0h R-0h R-0h R-0h
Table 7-59. POWER_GOOD_STATUS Register Field Descriptions

Bit Field Type Reset Description

7 RESERVED R Oh Reserved

6 nRSTOUT_STATUS R Oh nRSTOUT Pin Logic Level Status
Oh = nRSTOUT pin is at a low level
1h = nRSTOUT pin is at a high level

5 GPIO_STATUS R Oh GPIO Pin Logic Level Status (for both input and output)
Oh = GPIO pin is at a low level
1h = GPIO pin is at a high level

4 SEQ_STATUS R Oh SEQ Pin Logic Level Status
Oh = SEQ pin is at a low level
1h = SEQ pin is at a high level

3 LDO_PG_STATUS R Oh LDO Power Good Status
Oh = Voltage rail is not within regulation limits
1h = Voltage rail is within regulation limits

2 BUCK3_PG_STATUS R Oh BUCKS3 Power Good Status
Oh = Voltage rail is not within regulation limits
1h = Voltage rail is within regulation limits

1 BUCK2_PG_STATUS R Oh BUCK2 Power Good Status
Oh = Voltage rail is not within regulation limits
1h = Voltage rail is within regulation limits

0 BUCK1_PG_STATUS R Oh BUCK1 Power Good Status
Oh = Voltage rail is not within regulation limits
1h = Voltage rail is within regulation limits
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7.6.1.1.56 EEPROM_PROG_CMD Register (Address = 4Ah) [Reset = 00h]
Return to the Summary Table.

Initialization source: POR
Protection Access : Factory programming controlled
(Note: This register is only active when the Factory setting of User Programmability is enabled)

Figure 7-75. EEPROM_PROG_CMD Register
7 6 5 4 3 2 1 0
PROG_ACCESS_CMD
R-Oh

Table 7-60. EEPROM_PROG_CMD Register Field Descriptions
Bit Field Type Reset Description

7-0 PROG_ACCESS_CMD R Oh Write to this register to enable the NVM LDO and program the
EEPROM. A readback of this register results in '0x00'".
2Dh = Enable NVM LDO and program eeprom.
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8 Application and Implementation

Note

Information in the following applications sections is not part of the Tl component specification,
and Tl does not warrant its accuracy or completeness. TI's customers are responsible for
determining suitability of components for their purposes, as well as validating and testing their design
implementation to confirm system functionality.

8.1 Application Information

Texas Instruments TPS650332-Q1 device is designed for automotive camera modules.

8.2 Typical Application
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8.2.1 Design Requirements

Figure 8-1. Typical Application Schematic

Use the parameters listed in Table 8-1 for this design example.

Table 8-1. Design Parameters

RESOURCES VOLTAGE
BUCK1 3.3V
BUCK2 1.8V
BUCK3 1.2V
VLDO 28V
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8.2.2 Detailed Design Procedure
8.2.2.1 BUCK1 Output Filter Design (Inductor and Output Capacitor)
8.2.2.1.1 BUCK1 Inductor Selection

The typical value for the converter output inductor is 1.5 pH. The selected inductor must be rated for its DC
resistance and saturation current. The DC resistance of the inductance influences the efficiency of the converter
directly. An inductor with the lowest DC resistance must be selected for highest efficiency. Refer to the Choosing
Inductors and Capacitors for DC/DC Converters application report for more information on inductor selection.

Use Equation 1 to calculate the maximum inductor current under static load conditions (Al ). Select an inductor
with a saturation current higher than the maximum inductor current as calculated with Equation 2 because, the

inductor current rises above the calculated value during heavy load transients.

1. Vour
Vin

Al =V, X ———
L = Vour Lxf

where

« fis the switching frequency (2.3 MHz typical).
* L is the inductor value.
* Al is the peak-to-peak inductor ripple current.

_ Al
ILmax - IOUTmax + 7
where
* ILmax is the maximum inductor current
The highest inductor current occurs at the maximum input voltage (V).
Table 8-2 shows the recommended inductor.

Table 8-2. Recommended Inductors

(1

)

INDUCTOR INDUCTANCE (uH) SUPPLIER

MAX DIMENSIONS (mm)

TFM201610ALMATR5MTAA 1.5 TDK

20x16x1.0
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8.2.2.1.2 BUCK1 Output Capacitor Selection

The advanced fast-response voltage-mode control scheme of the converter allows the use of small ceramic
capacitors with a typical value of 10 yF without large output voltage undershoots and overshoots during heavy
load transients. Tl recommends using ceramic capacitors with low ESR values because they result in the lowest
output-voltage ripple. Table 8-3 lists the recommended capacitors.

If ceramic output capacitors are used, the RMS ripple-current rating of the capacitor always meets the
application requirements. Use Equation 3 to calculate the RMS ripple current (Irpmscout)-

1. Vour
Vin 1

Lxf ~2xv3 (3)

lrmscout = Vout X

The device operates in PWM mode. The overall output-voltage ripple is the sum of the voltage spike caused by
the output capacitor ESR plus the voltage ripple caused by charging and discharging the output capacitor. Use
Equation 4 to calculate the AVgyt value.

1_VOUT
Vv 1
Lxf 8xCqoyr X f

AVOUT = VOUT X + ESR

(4)

The highest output-voltage ripple occurs at the highest input voltage.
8.2.2.1.3 BUCK1 Input Capacitor Selection

DC-DC converters have pulsating input currents that can create high-input voltage spikes, which interfere with
other circuits. A low-ESR input capacitor provides the best input voltage filtering to minimize these voltage
spikes. Place the input capacitor as close to the PVIN_Bx pin as possible with a clean ground connection. Do the
same for the output capacitor and the inductor. The converters require a ceramic input capacitor of 10 yF. The
input capacitor can increase without any limit for better input voltage filtering.

Table 8-3. BUCK1 Recommended Capacitors

CAPACITANCE SUPPLIER TYPE
10 YF (input) Kemet C1206C106J3RACAUTO Ceramic
10 uF (output) TDK CGA4J3X7S1A106K125AE Ceramic
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8.2.2.2 BUCK2/BUCKS3 Output Filter Design (Inductor and Output Capacitor)

8.2.2.2.1 BUCK2/BUCKS3 Inductor Selection

The typical value for the converter output inductor is 1.0 pH. The selected inductor must be rated for its DC
resistance and saturation current. The DC resistance of the inductance influences the efficiency of the converter
directly. An inductor with the lowest DC resistance must be selected for highest efficiency. Refer to the Choosing
Inductors and Capacitors for DC/DC Converters application report for more information on inductor selection.

Use Equation 1 to calculate the maximum inductor current under static load conditions (Al ). Select an inductor
with a saturation current higher than the maximum inductor current as calculated with Equation 2 because, the

inductor current rises above the calculated value during heavy load transients.

1. Vour
\Y/
Al =Vour X —— N
L ouT Lxf
where

» fis the switching frequency (2.3 MHz typical).
* L is the inductor value.
* Al is the peak-to-peak inductor ripple current.

_ Al
ILmax - IOUTmax +

where

* I max is the maximum inductor current

The highest inductor current occurs at the maximum input voltage (Vy).
Table 8-2 shows the recommended inductor.

Table 8-4. Recommended Inductors

®)

(6)

INDUCTOR TYPE INDUCTANCE (pH) SUPPLIER

MAX DIMENSIONS (mm)

TFM201610ALMATROMTAA 1.0 TDK

20x16x1.0
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8.2.2.2.2 BUCK2 and BUCK3 Output Capacitor Selection

The advanced fast-response voltage-mode control scheme of the converter allows the use of small ceramic
capacitors with a typical value of 10 yF without large output voltage undershoots and overshoots during heavy
load transients. Tl recommends using ceramic capacitors with low ESR values because they result in the lowest
output-voltage ripple. Table 8-3 lists the recommended capacitors.

If ceramic output capacitors are used, the RMS ripple-current rating of the capacitor always meets the
application requirements. Use Equation 3 to calculate the RMS ripple current (Irpmscout)-

1. Vour
Vin 1

Lxf szﬁ )

lrmscout = Vout X

The device operates in PWM mode. The overall output-voltage ripple is the sum of the voltage spike caused by
the output capacitor ESR plus the voltage ripple caused by charging and discharging the output capacitor. Use
Equation 4 to calculate the AVgyt value.

1_VOUT
Vv 1
Lxf 8xCqoyr X f

AVOUT = VOUT X + ESR

8)

The highest output-voltage ripple occurs at the highest input voltage.
8.2.2.2.3 BUCK2 and BUCKS3 Input Capacitor Selection

DC-DC converters have pulsating input currents that can create high-input voltage spikes, which interfere with
other circuits. A low-ESR input capacitor provides the best input voltage filtering to minimize these voltage
spikes. Place the input capacitor as close to the PVIN_Bx pin as possible with a clean ground connection. Do the
same for the output capacitor and the inductor. The converters require a ceramic input capacitor of 10 yF. The
input capacitor can increase without any limit for better input voltage filtering.

Table 8-5. BUCK2/BUCK3 Recommended Capacitors

CAPACITANCE SUPPLIER TYPE
10 pF (input) TDK CGA4J3X7S1A106K125AE Ceramic
10 pF (output) Taiyo Yuden JMJ212CB7106KGHT Ceramic
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8.2.3 Application Curves

. ' ARG RE: T

_ E : : 21 : : A _ BUCK LOAD i 3

BUCK LOAD T | “ ) > ]

' T . [S———— [ | +

i ] : mE e

-:<|--.\:-|\-i|--\|-|\--|‘r-:_|-|\§-|r-||-:\i-l\-il--l_ ‘ ;

BLICK_OUT g ] LI e o o e e -+ - l
zmwm\*wvm sl
L ._- - \"
e
L il 1 L | ) ; 1 o gt ] ]
ohl  S00mA Q Bw Ch  S00mY Q Bw M 40.0ps 25.0MS/s  40.0nshot £ i 1 | o I Ly I fi vy
& Ch1 s 380ma oh1  S00mA © Bw thz SO0V @ Bw M40.0ps 25.0MSls  40.0nshpt
& Ch1 ~ 250mé
VPVINiB1 =12V TA =25°C
Vour = 3.3V 1 mA < I oap < 750 mA Vevin g2 =33V Ta=25°C

Figure 8-2. BUCK1 Load Transient Response
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Figure 8-3. BUCK2 Load Transient Response
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Figure 8-4. BUCK3 Load Transient Response
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9 Power Supply Recommendations

The device is designed to operate with an input voltage supply range from 4.0 V to 18.3 V. This input supply
comes from a conditioned power source for automotive applications.
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10 Layout
10.1 Layout Guidelines

Follow these general component placement guidelines for good printed circuit board (PCB) design:

The PVIN_B1, PVIN_B2, PVIN_B3, and VINLDO pins must each be bypassed to ground with a low-ESR
ceramic bypass capacitor. T| recommends using the typical bypass capacitance of 10 yF for the DC-DC
converters and 2.2 uF for the LDO with a X7R dielectric. Ensure capacitor meets minimum capacitance under
all operating conditions.

The optimum capacitor placement is closest to the PVIN_Bx and VINLDO pins of the device. Minimize the
loop area formed by the bypass capacitor connection from the PVIN_Bx and the thermal pad of the device.
Minimize the loop area formed by the bypass capacitor connection from the VINLDO and the AGND pin of
the device.

The thermal pad must be tied to the PCB ground plane with multiple vias.

Isolate AGND from Thermal Pad on shared layer. Separately connect AGND and Thermal Pad to GND plane
using vias.

The PVIN_Bx feedback traces must be routed away from any potential noise source to avoid coupling.

The optimum placement of the VREG and V1P8_INT output capacitors is directly at their respective pins.
Excessive distances of input and output capacitors for regulator pins may cause poor converter performance.
Minimize loop area of bootstrap capacitor from LX_B1 to BOOT pin.

Note
Placement of the bootstrap capacitor is critical. Minimize the parasitic inductance introduced by the
traces between the bootstrap capacitor and the pins of the device to less than 1.5nH per trace.
Connect VSYS to VSYS_S directly at device pins with a localized decoupling capacitor. Connect VSYS to
PVIN_B1 before the VSYS decoupling capacitor. Dedicate one input decoupling capacitor to PVIN_B1.

10.2 Layout Example

1§ TEXAS
I} INSTRUMENTS

Figure 10-1. Layout Recommendation
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11 Device and Documentation Support

11.1 Device Support

11.1.1 Third-Party Products Disclaimer

TI'S PUBLICATION OF INFORMATION REGARDING THIRD-PARTY PRODUCTS OR SERVICES DOES NOT
CONSTITUTE AN ENDORSEMENT REGARDING THE SUITABILITY OF SUCH PRODUCTS OR SERVICES

OR A WARRANTY, REPRESENTATION OR ENDORSEMENT OF SUCH PRODUCTS OR SERVICES, EITHER
ALONE OR IN COMBINATION WITH ANY TI PRODUCT OR SERVICE.

11.2 Receiving Notification of Documentation Updates

To receive notification of documentation updates, navigate to the device product folder on ti.com. Click on
Subscribe to updates to register and receive a weekly digest of any product information that has changed. For
change details, review the revision history included in any revised document.

11.3 Support Resources

TI E2E™ support forums are an engineer's go-to source for fast, verified answers and design help — straight
from the experts. Search existing answers or ask your own question to get the quick design help you need.

Linked content is provided "AS IS" by the respective contributors. They do not constitute Tl specifications and do
not necessarily reflect Tl's views; see TlI's Terms of Use.

11.4 Trademarks

TI E2E™ is a trademark of Texas Instruments.

All trademarks are the property of their respective owners.
11.5 Electrostatic Discharge Caution

This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled
A with appropriate precautions. Failure to observe proper handling and installation procedures can cause damage.

“: \ ESD damage can range from subtle performance degradation to complete device failure. Precision integrated circuits may
- be more susceptible to damage because very small parametric changes could cause the device not to meet its published
specifications.

11.6 Glossary

Tl Glossary This glossary lists and explains terms, acronyms, and definitions.

12 Mechanical, Packaging, and Orderable Information

Copyright © 2022 Texas Instruments Incorporated Submit Document Feedback 109


https://www.ti.com
https://e2e.ti.com
https://www.ti.com/corp/docs/legal/termsofuse.shtml
https://www.ti.com/lit/pdf/SLYZ022
https://www.ti.com
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLVSG12A&partnum=TPS650332-Q1

TPS650332-Q1
SLVSG12A — NOVEMBER 2021 — REVISED SEPTEMBER 2022

TI Confidential - NDA Restrictions

13 TEXAS
INSTRUMENTS

www.ti.com

12.1 Package Option Addendum

Packaging Information

Orderable Device Status () Pa-lrill:,aege ;::‘I’(v?g; Pins Pagl:;ge Eco Plan @ I;:ei?‘?slﬁggl MSL Peak Temp ®) | Op Temp (°C) Device Marking(® (®)
TPS65033203RGERQ1 ACTIVE VQFN RGE 24 3000 RoHS & Green SN Level3-260C -40°C to 125°C TPS65033203-Q1
TPS65033207RGERQ1 ACTIVE VQFN RGE 24 3000 RoHS & Green SN Level3-260C -40°C to 125°C TPS65033207-Q1
TPS6503320DRGERQ1 ACTIVE VQFN RGE 24 3000 RoHS & Green SN Level3-260C -40°C to 125°C TPS6503320D-Q1
TPS6503320FRGERQ1 ACTIVE VQFN RGE 24 3000 RoHS & Green SN Level3-260C -40°C to 125°C TPS6503320F-Q1
TPS6503320GRGERQ1 ACTIVE VQFN RGE 24 3000 RoHS & Green SN Level3-260C -40°C to 125°C TPS6503320G-Q1

TPS6503320HARGERQ1 ACTIVE VQFN RGE 24 3000 RoHS & Green SN Level3-260C -40°C to 125°C TPS6503320HA-Q1

(1)

@)

@)
(4)

®)
(6)

The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PRE_PROD Unannounced device, not in production, not available for mass market, nor on the web, samples not available.

PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sb/Br) - please check http://www.ti.com/productcontent for the latest
availability information and additional product content details.

TBD: The Pb-Free/Green conversion plan has not been defined.

Pb-Free (RoHS): Tl's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements for all 6 substances, including the
requirement that lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, Tl Pb-Free products are suitable for use in specified
lead-free processes.

Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and package, or 2) lead-based die adhesive used
between the die and leadframe. The component is otherwise considered Pb-Free (RoHS compatible) as defined above.

Green (RoHS & no Sb/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame retardants (Br or Sb do not exceed 0.1%
by weight in homogeneous material)

MSL, Peak Temp. -- The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.

Lead/Ball Finish - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead/Ball Finish values may wrap to two lines if the
finish value exceeds the maximum column width.

There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device

Multiple Device markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a "~" will appear on a device. If a line is indented then itis a
continuation of the previous line and the two combined represent the entire Device Marking for that device.

Important Information and Disclaimer: The information provided on this page represents Tl's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information provided
by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and continues to take

reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals. Tl and Tl suppliers consider
certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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12.2 Tape and Reel Information
REEL DIMENSIONS TAPE DIMENSIONS

4 +‘|¢K0 <+ P1—»

olo & oo & O & T
o 0 &|( Bo W
Reel l

| |
Diameter
Cavity *I A0 |¢

A0 | Dimension designed to accommodate the component width

B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
4 W | Overall width of the carrier tape

i P1 | Pitch between successive cavity centers

t Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE

o O O O O O 0O O O Sprocket Holes
| |
T T
Q1 : Q2 Q1 : Q2
77777777 777T77 (N . .
Q3 1 Q4 Q3 | Q4 User Direction of Feed
S A | v
T T
AN
Pocket Quadrants
Pack: Pack: (et gl A0 BO Ko P1 w Pin1
Device f age chw?ge Pins sPQ Diameter | Width W1 et et et art e A
ype awing il o mm) | (mm) | @m) | (mm) | (mm) uadra
TPS65033203RGERQ1 | VQFN RGE 24 3000 330.0 12.4 43 43 11 8.0 12.0 Q2
TPS65033207RGERQT | VQFN RGE 24 3000 330.0 12.4 43 43 11 8.0 12.0 Q2
TPS6503320DRGERQ1T | VQFN RGE 24 3000 330.0 124 43 43 11 8.0 12.0 Q2
TPS6503320FRGERQ1 | VQFN RGE 24 3000 330.0 124 43 43 11 8.0 12.0 Q2
TPS6503320GRGERQ1 | VQFN RGE 24 3000 330.0 12.4 43 43 11 8.0 12.0 Q2
TPS6503320HARGERQ1 | VQFN RGE 24 3000 330.0 12.4 43 43 11 8.0 12.0 Q2
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TAPE AND REEL BOX DIMENSIONS
Device Package Type | Package Drawing | Pins | SPQ Length (mm) | Width (mm) | Height (mm)
TPS65033203RGERQ1 VQFN RGE 24 3000 213.0 191.0 35.0
TPS65033207RGERQ1 VQFN RGE 24 3000 213.0 191.0 35.0
TPS6503320DRGERQ1 VQFN RGE 24 3000 213.0 191.0 35.0
TPS6503320FRGERQ1 VQFN RGE 24 3000 213.0 191.0 35.0
TPS6503320GRGERQ1 VQFN RGE 24 3000 213.0 191.0 35.0
TPS6503320HARGERQ1 VQFN RGE 24 3000 213.0 191.0 35.0
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PACKAGE OUTLINE
RGE0024K VQFN - 1 mm max height
PLASTIC QUAD FLATPACK - NO LEAD
4.1
3.9 4" (6] 05
03
-
: 03 |
PIN 1 INDEX AREA—T 0.2
4.1 DETAIL
3.9 OPTIONAL TERMINAL
TYPICAL
f 0.1 MIN
T
(0.05) J -
SECTION A-A
i TYPICAL
1 MAX
0.05
0.00
2.8 +0.1 —=|
i 2X|2.5 i
EXPOSED — 8X (0.38) (0.2) TYP
THERMAL PAD ;7 ‘ 12; T r ﬂ r
et i
(@HIRE! Lsx (0.2) I
( = 1 I
2X D) 25 ‘ Al Cl A symm I
I L v
R imb) | - I
|
SEE TERMINAL —— :?/ \ - | ]
DETAL 1 __ = ; ] I
1 18 1 03
[—r 24X 075 1
A1 A4 :
PIN 11D s 010 [clAjB
(OPTIONAL) 0.05%
4223589/A 03/2017
NOTES:

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
per ASME Y14.5M.

2. This drawing is subject to change without notice.

3. The package thermal pad must be soldered to the printed circuit board for thermal and mechanical performance.
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RGE0024K

EXAMPLE BOARD LAYOUT
VQFN - 1 mm max height

PLASTIC QUAD FLATPACK - NO LEAD

012.8)
| aX(1.72)
24X (0.6) S ‘ 8X (0.58)
85| sfsJsohete | v
o 5 T
24X (0.25) i i [jj (12(2)
‘

L]

VIA
A2
RO 05

(0.2) TYP

@@@@%B

R 1
\ @3

e

12
(1.15)

(3.8)

NON SOLDER MASK
DEFINED
(PREFERRED)

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE:18X
0.05 MAX 0.05 MIN
ALL AROUND ALL AROUND
METAL SOLDER MASK
! OPENING
EXPOSED METAL\E' :
EXPOSED METAL ! i
~__SOLDER MASK l &METAL UNDER
OPENING - SOLDER MASK

SOLDER MASK DETAILS

|
-

SOLDER MASK
DEFINED

4223589/A 03/2017

NOTES: (continued)

4. This package is designed to be soldered to a thermal pad on the board. For more information, see Texas Instruments literature

number SLUA271 (www.ti.com/lit/slua271).

5. Vias are optional depending on application, refer to device data sheet. If any vias are implemented, refer to their locations shown
on this view. It is recommended that vias under paste be filled, plugged or tented.
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EXAMPLE STENCIL DESIGN
RGE0024K VQFN - 1 mm max height

PLASTIC QUAD FLATPACK - NO LEAD

i 4X (1.72) ‘

—~ (0.715)
8X (0.58)

2«)@@{}@@{}@ w| 707
.-

- i
p
24X (0.25) @ \ (1.72)
: == EB
l
—-

-

EXPOSED METAL |

T
(R0.05) TYP i A3

e

SOLDER PASTE EXAMPLE
BASED ON 0.1 mm THICK STENCIL

THERMAL PAD 25:

77% PRINTED SOLDER COVERAGE BY AREA UNDER PACKAGE
SCALE:20X

4223589/A 03/2017

NOTES: (continued)

6. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
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IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATA SHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, regulatory or other requirements.

These resources are subject to change without notice. Tl grants you permission to use these resources only for development of an
application that uses the Tl products described in the resource. Other reproduction and display of these resources is prohibited. No license
is granted to any other Tl intellectual property right or to any third party intellectual property right. Tl disclaims responsibility for, and you
will fully indemnify Tl and its representatives against, any claims, damages, costs, losses, and liabilities arising out of your use of these
resources.

TI's products are provided subject to TI's Terms of Sale or other applicable terms available either on ti.com or provided in conjunction with
such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable warranties or warranty disclaimers for
TI products.
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